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PREFACE 

TO 

THE ELEVENTH EDITION. 


As only three years have elapsed since the last edition of 
this Second Volume of the ‘Principles’ was published, 
I have been able to reprint it with less alteration than was 
required in the First Volume, between which and the pre- 
ceding edition there had been an interval of five years^ 

I have followed the rule adopted in my First Volume of 
reprinting the Preface to the tenth edition, by which the 
reader will be directed to those numerous and important 
additions and corrections which I found necessary in con- 
sequence of the progress of the science during the fifteen 
years which separated the ninth and tenth editions. Al- 
though the pages after the first two hundred differ slightly 
in the present edition, they are not so much altered as to 
render it difficult to refer to them. 

I subjoin a list of the most impokant points on which I 
have introduced new information in the present edition. 

New Zealand Qeysera, and reference to Dr. Tyndall’s 
illustration of the probable mode of geyser-action . 21d-'223 
Mr. Scrope on the action of water in volcanos • . 220 

Sir John Herachel and Mr. Babbage on transfer of sedi- 
ment cansing tbe shifting of the subterranean isother- 
mals 


231 



VI 


PBEFACB TO THE ELKVEHTH EDITION. 
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Mr. Wallace on tingle origin of the dog .... 294 

Mr. Darwin on Sexual Selection 828 

The Roy. R. T. Lowe on the arrival of a flight of locutte 

in Madeira 425 

Mr. Darwin on tome caaee of abnormal atructure in pre- 
bittoric man corresponding to the structure of the 
same parte in some lower groups of animala . . 484 

Mr. Mivart*s objections to the theory of Natural Selec- 

tion, and Mr. Darwin’s reply 407 

Tem}>eraturei and fauna of Lake Superior . 570 

Depth to which the ocean is inhabited, as illustrated by 
deep-sea dredgings. Amount of dlflerence of the 
oceanic fauna in adjoining warm and cold areas 584 



PREFACE 


THE TENTH EDITION. 


In the Preface to the First Volume I gave a list of the dates 
of publication of the successive editions of this treatise, as 
well as of my ‘ Elements of Geology ’ and my ‘ Antiquity of 
Man,’ and pointed out the relation of these two last works 
to the ‘ Principles.’ 

In the same Preface I gave a list of the chief additions 
then made for the first time; pointing out, so far as was 
possible, the corresponding pages in the ninth edition ; so 
that readers already familiar with the earlier editions might 
be able at once to refer to what was new. 

I now subjoin a similar list of the chief alterations and 
additions introduced for the first time into this tenth edition. 

List of the Principal Additions and Corrections in the Second 

Volume of the Tenth Edition of the ‘ Principles of Oeolo^y.^ 


AitditioTu ADd Correctiorui. 


Considerable additions have b#en made to this Twenty ««ixth 
Chapter, on the structure of Mount Etna, in consequence 
of my re-examination in 1857 and 1858 of this volcano, 
which I had first visited thirty years before, in 1828. 
The theory of a doable axis of eruption is explained (p. 9^, 
and the changes in the scenery of the Val del Bove, caused 
by the lavas of 1852, are described (p. 81 ). The solid 
texture and steep original inclination of certain lavas of 
known date are poinM out (pp. 35 & The relation 
of some ancient vidleys on Etna to the farmer structure 
of the mountain is coopered (p. 40). 
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in j 383 
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A d di tioiMi and Comctloii». 

Eleven new woodeuU illuatmte OhApter XXVI ^ borrowed 
chieflir from my paper on Etna, communicated to the 
Koyal Society in 1858. 

An account i« here given of the changes produced by the 
recent eruption in the Gulf of Santorin in February 1800, 
with a birdWye view of the same. 

An account of tfie earthquake in New Zealand in 1865, and 
the permanent upheaval and subsidence of land in that 
archipelago, is given on the authority of Messrs. Roberts, 
Walter Mantell, and F. A. Weld. A new fault or shift 
of 9 feet in the rocks is described. A map of the region 
convulsed by the same earthquake is appended. 

In reference to the earthquakes in Calaoria in 1783 arid 
1857, the ori^n and mode of the propagation of earth - 
ouake waves is treated of, and illustrated by three new 
aiagrams. Some account is jriven of Mr. Robert Mallet s 
proposed method of calculating mathematically the depth 
in tne earth’s crust from which the shocks may proceed. 

Junghuhn on the truncation of the cone of Papandayang in 
Java. 

Recent observations made to detennine whether a change 
I is going on in the relative level of land and sea in 
j Sweden. 

Messrs. Gwyn Jeffreys and Torell on shells of the Glacial 
Period in the Uddevalla district in Sweden. 

The hypothesis of a change in the axis of rotation of the 
external shell of the earth considered as a possible cause 
of change of climate. 

I This Thirty-second C’hupter has been in part re-written and 
enlarged. It is shown that the old notion, that the crys- 
talline rocks, whether stratified or unstratified, such as 
granite and gneiss, were produced in the lower part of the 
earth’s crust, at the expense of a central nucleus cooling 
from a state of fusion, must be given up, now that granite 
is found to be of all ages, and the metamorphic rocks to 
be altered sedimentary deposits, implying the denudation 
of a previously solidified crust. 

The Thirty -third Chapter has been in great part recast. 
It is shown that the latest chemical observations on the 
products of recent eruptions favour the doctrine, that 
large bodies of salt water gain access, during an eruption, 
to the volcanic foci. The reservoirs of melted matter in 
the interior, though vast, may hold a very subordinate 
place in the earth's crust 

The heat supposed to be continually lost by the planet by 
xadiarion into space, may perhaps be r^tored by solar 
magnerism in connection with electricity and chemical 
action. 

The greater part of this Thirty-fifth Chapter is new. The 
objections originally urged against Lmarck’s theory of 
transmutatioii and ms replies are considered. Also the 
question whether, if new aperies are created firom time to 
time, their first appearance would have been witn^f^ed 
by the naturalist Remarks are offered on the * Vestiges 
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of Oradion,’ and on the theoiy of * NatufiU flection/ m 
advocated bj Mr. C. Darwin and Mr, A. Wallace, The 
change of opinion produced by Mr. Darwin's work on 
* The Origin of Species ' is pointed out, and Dr. Hooker's 
views on the formation of species in the vegetable world 
by variation and selection are noticed. 

This Thirty-sixth Chapter is for the most part new. It con- 
tains an explanation of Mr. Darwin's views on the for- 
mation of new races by selection^ both unconscious and 
methodical, whether of plants or animals under domesti- 
cation. His doctrine of * Pangenesis/ or the manner in 
which long-lost charocu rs may be revived in the offspring 
or crt)ss- breeds, is also alluded to. Likewise the fact that 
certain parts of animals or plants may be made to vary by 
selection, while other parte of the same remain unaltered. 
The hvbndlsation of plants and animals is also considered 
in its bearing on the nature and origin of species. 

This Thirty-seventh Chapter is also for the most part new. 
It treats of natural as cotnpartfd to artlffcial selection. The 
tendency of species U) multiply beyond the means of sub- 
sistence, the struggle for life, snd the conditions on which 
‘ the survival of the ffltest’ depends, are explained. The 
opinions of Linnaeus, de Candolle, and Darwin on species 
are compared. It is shown that alternate generation will 
not explain the mode of origin of new species. 

Chapter Thirty -eight, on the geographical distribution of 
species, has been re-written. The six great provinces of 
distinct species of terrestrial mammalia are cniefly dwelt 
upon, ana the agreement of the limitation of the species 
ot bii^s and reptiles, and even of the invertebrate animals 
generally, to the same regions, is pointed out. 

Chapter Tbirty-nine, on the migration and diffusion of ter- 
restrial animals, is re-printed, with a few slight additions 
and corrections, from the ninth edition. 

This woodcut of the I.<emming or I.<apland Marmot, taken 
from a specimen now living in the Zoological Gardens of 
London, has been substituted for a less faithful representa- 
tion of the same animal given in former editions. 

The Fortieth Chapter, on the geographical distribution and 
migration of ffsb, testacea, insects and plants, is for the 
most part the same as in the ninth edition, the fol- 
lowing additions and alterations have been made : — Spe- 
cies of marine shells and ftsbes on opposite sides of the 
Isthmus of Panama, p, 370, Moths seen ffyii^ 300 miles 
from land, p. *380. air C. Banbury on plants of the Table* 
land of Brazil, p. 385. Darwin on seeds and fmits im- 
mersed in salt water without injury, p. 321. Robert Brown 
on source of the gulf-weed or sarmissum, p. 392. Darwin 
on seeds transported by birds, p. 396. 

The Forty-ffrst Uhapter is entirely new. It treats of immlar 
ffoias and faunas considered with reference to the origin oi 
species. The islands of the Eastern AUanttc, espedally 
tne Madeiras and Canazies, iheit volcanic <mpn ai^ 
Miocene age, are first treated of, and then the extent to 
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which the aptsdca of nuunmalia, birds, iiW€Nc;to, land -shells 
nnd |»lants, agree or do not agree with continental spedee. 
The identitj or non-identity, also, of species of all these 
classes found in different archipelagos or in diffdent 
islands of the same arcbipela^, is shown to bear an un* 
niistakable relation to the facilities einoved by each class 
of crossing the ocean. The bearing of t^s relationship on 
the theory of the origin of species by rariation and ^ natu- 
ral selection ’ is pointed out. 

43*1 The Forty-second Uhapter, on the extinction of species, is 
to re-printed from the old edition, with some few Editions, 

403 among which may be mentioned the following: — Dr. 

li(M>ker on exterinination of plants in St Helena, pp. 453 
nnd 4412. Mr. Travers on the spread of foreign plants in 
New Zealand, p. 463. 

464 The whole of this Forty-third Chapter, on man, cx)n8idered 
to with reference to his ori^n and geographical distribution, 

494 is new, with the exception of the first five pages. 

The antiquity of the more marked human races, and the 
coincidence of their geographical range with that of the 
chief zoological provinces, are considered. The question 
as to the multiple origin of man is discussed. The bearing 
of the theory of progressive development and of Darwin’s 
theory of natural selection on the aerivation of man from 
the inferior aniinsls, is treated of. 

636 Some remarks on the submarine forest at Bournemouth, on 
the south coast of Hampshire, are added. 

630 Dr. Dawson’s description of a submarine forest on the Bay of 
F’undy is introduced here. 

667 A brief sketch is given, in retrospective chronological order, 
of the remains of man and his works which belong to the 
ages of Bronze and Stone. Implementn of the Neolithic 
1 I'eriod— of the antecedent Rein-deer Period — and lastly 


of the Palaeolithic Period, are mentioned. The position of 
flint tools of Palaeolithic age in the drift of the southern 
coast of Hampshire and the Isle of Wight, is explained. 
664 The age of the pottery in the upraised marine strata near 
Cagliari, on the south coast of Sardinia, is discussed. 

579 The Forty-ninth Obiter is re-printed from the correspond- 
to ing or concluding Chapter of the ninth edition, with some 
611 corrections in the nomenclature of corals supplied by Dr. 
Duncan, and some observations at p. 680 on the depths 
at which diflerent genera grow. Allusion is also made, 

L C09, to the large quantity of limestone in the oldest or 
kurentian series of rooks in Canada. 
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External physiognomy of Etna. — Next to Vesuvius, our 
most authentic records relate to Etna, which rises near the 
sea in solitary grandeur to the height of nearly 11,000 feet.* 
The base of the cone is almost circnlar, and 87 English miles 

* In 18]5, Captain Smyth Mcerteined, by careful barumctrical meamreraent 
trigoDometricallj, that the height of Uiat the height was 10,872| feet Thb 
Etna was 10,874 feet The Catanians, singular agreement of reeults so dtlfiu** 
disappoixited that their mountain had lost entlj obtained was spoken of bj Hsrsch^ 
nearly 2,000 feet of the height assigned as * a happy acmdent ; * but Dr. Wol- 
to it Hecupero^ refused to acquiesce laston TemaiiLed that * it was one of 
in the decision. Afterwards, in 1824, those accidents which would not have 
J. Hemhel, not being aware of happened to two focds.^ 

Captaxn Smythb conclumns, determined 
TOL. n. 
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in drcTunference ; but if we include the whole district over 
which its lavas extend, the circuit is probably twice as great. 

The cone is divided by nature into three distinct zones, 
called the fertile, the woody, and the desert regions. The 
first of these, comprising the delightful country around the 
skirts of the mountain, is well cultivated, thickly inhabited, 
and covered with olives, vines, com, and frait trees. Higher 
up, the woody region encircles the mountain — an extensive 
forest six or seven miles in width, afibrding pasturage for 
numerous flocks. The trees are of various species, the chest- 
nut, oak, and pine being most luxuriant ; while in some tracts 
are groves of cork and beech. Above the forest is the desert 
region, a waste of black lava and scorin', which terminates 
upwards in a kind of table-land, from which rises the principal 
cone, 1,100 foet high, emitting continually steam and sul- 
phureous vapours, and in the course of almost every century 
several streams of lava. 

Cimes produced by lateral eruption . — The most grand and 
original feature in the physiognomy of Etna is the multitude 
of minor cones which are distributed over its flanks, and 
which are most abundant in the woody region. These, 
although they appear but trifling irregularities when viewed 
from a distance as subordinate parts of so imposing and 
colossal a mountain, would, nevertheless, be deemed hills of 
considerable altitude in almost any other region. Without 
enumerating numerous monticules of ashes thrown out at 
difierent points, there are about 200 of these secondary 
volcanos as laid down in Von Waltershausen’s map within 
a circuit twenty geographical miles in diameter, having the 
summit of Etna as a centre. Outside of this circular area are 
a few other modern cones of large size, such as the double 
hill near Nicolosi, called Monti Rossi, formed in 1659, which 
is 450 feet high, and two miles in circumference at its base. 
Although this hill somewhat exceeds in size Monte Nuovo, de- 
scribed in the twenty-fourth chapter, it only ranks as a cone 
of the second magnitude amongst those produced by the 
lateral eruptions of Etna. Monte Minardo, near Bronte, on 
the east of the great volcano, is upwards of 700 feet in height. 

On looking down from the lower borders of the desert 
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region, these minor yolcanoe present ns with one of the most 
delightful and characteristic scenes in Europe* They affbrd 
every variety of height and size, and are arranged in beautiful 
and picturesque groups. However uniform they may appear 
when seen from the sea, or the plains below, notliing can be 
more diversified than their shape when we look from above 
into their craters, one side of which is generally broken down. 
Tliere are, indeed, few objects in nature more picturesque 
than a wooded volcanic crater. Tlie cones situated in the 
higher parts of the forest zone are chiefly clothed with lofty 
pines; while those at a lower elevation are adorned with 
chestnuts, oaks, and beech trees. 

Successive obliteration of these cones . — The history of the 
eruption of Etna, im{>erfect and intemipted as it is, affords 
iig, nevertheless, much insight into the manner in which a 
large part of the mountain has successively attained its 
prt^sent magnitude and internal structure. The cone from 
which the eruptions at the summit now proceed, has more 
than once been destroyed either by explosion or engulph- 
ment, and has been as often reproduced. The great platform 
(No. 2, Plate V., and a, fc, c, fig. 85, p. 20) seems to have 
resulted from the truncation of the ancient conical mounttiin, 
the uppermost part of which has disappeared during a suc- 
cession of such catastrophes, leaving a comparatively level 
ground from which the modem cone now springs. 

By fiir the greater number of eruptions proceed from the 
great crater a, fig. 85, and from lateral openings in the desert 
region. When hills are thrown up lower down or in the 
middle zone, and project beyond the general level, they 
gradually lose their height during subsequent eruptions ; for 
when lava descending from the upper parts of the mountain 
encounters any of these hills, the stream is divided, and flows 
round them so as to elevate the gently sloping grounds from 
which they rise. In this manner a deduction is often made 
at once of twenty or thirty feet, or even more, from their height. 
Thus, one of tte minor cones, called Monte Peluso, was 
diminished in altitude by a great lava stream which encircled 
it in 1844 ; and another current has recently taken the same 
course — ^yet this hill still remains 400 or 500 feet high. 
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is a eone called Monte NnciUa near Kiooloei, ronnd 
the base of which sereral sncceBsive currents have flowed, 
and showers of ashes have fallen in historical times, till at 
last, daring an eruption in 1536, the surrounding plain was 
so raised, that the top of the cone alone was left projecting 
above the general leveL Monte Nero, situated above the 
Grotta dell’ Capre, was in 1766 almost overflowed by a 
current: and Monte Capreolo afforded, in the year 1669, a 



View of Etna from the summit of the limestone platform of Primosolo, 
looking north. 


«. Hlgheftcone« 

b, MontNgnuola. 

c, Monte Minardo, with smaller lateral conoa 
ahovo. 

d. Town of Llcodla dd Monad. 

e. ArgiUaooonfi arid sandy bodn with marine 
shells, nearly all of living Mn^dlt^'n-ttnean 
speotos, and with associated and oontenipora> 
neons roloMiic rocks. 

/. Esoorpmont of stratified snbaqneoua vol- 
os^o toff, Ita. north-west of Catania. 


g. Town of Catania. 

I A. f. Dotted line exprcsdug the highest 
1 boundary along which the miirine strata are 
I fKJ^'aKionally w'en. They mi<’h at Catira. 4 
[ miles north of Catania, a height of nl)out 
I English feet alK»vc the level of the sea. 

I t. Plain of Catania. 

1. l^imestone platform of Prinioaole of the 
Newer Pliocene periml. 
ta^ La Motta di Catania. 


curious example of one of the last stages of obliteration ; for 
a lava stream, creeping along the top of a ridge which had 
been built up by the continued superposition of successive 
lavas, flowed directly into the crater, and nearly filled it. 
The lava, therefore, of each new lateral cone tends to detract 
firom the relative heights of lower cones above their bases ; 
BO tiiat the flanks of Etna, sloping with a gentle inclination, 
envelope in succession a great multitode of minor volcanos, 
while new ones spring up from time to time. 

Marine strata and volcanic rocks of Etna of Newer Pliocene 
date . — ^In the annexed outline of Etna and its environs, which 
I made in 1828 from the platform of tertiary limestone of 
Primosole, the summit of the volcano is seen 24 geograph- 
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ical milM distant in a straight line. At onr feet lies the 
aUnrial plain of Catania (k) 6 miles broad, through srhioh the 
Simeto mns, and which is bounded on the north bj an un- 
dulating country, «, e, composed for the most part of a marine 
tertiary deposit of Newer Pliocene age. 

The district composed of it near Catania which is provin- 
cially called ‘ Terra Forte,’ must have emerged from beneath 
the sea at a period of very modern date geologically speaking ; 
for not only are almost all the fossil shells, included in the 
clays, of recent species, but the argillaceous beds themselves 
are capped at the height of nearly 1,000 feet by two deposits, 
in one of which near the sea all the shells are of living species, 
while the other consists of rounded pebbles of limestone and 
other rocks evidently once brought down from the interior by 
the Simeto and deposited in its delta, which delta was after- 
wards uplifted together with the subjacent clay as well as 
the neighbouring mass of Etna and the sea-coast at its base. 
In the old alluvium here adverted to, the bones of elephants 
and other extinct mammalia have been found at several 
points. The line h, i, expresses the level at which the 
marine Newer Pliocene formation crops out irregularly from 
beneath the modem streams of volcanic matter which are 
gradually encroaching upon it and concealing it more and 
more from view. Sometimes it cannot be traced higher than 
600 feet, but at one place called Catira, 4 miles north of 
Catania, the marine clays have been detected at the height 
of 1,258 English feet above the level of the Mediterranean. 
At that point and along the adjoining coast, as at Aci Gastello 
and at Trezza opposite the Cyclopean islands, and at Nizzeti 
a mile and a half north-west of Trezza, the fossiliferous clays 
are associated with contemporaneoys basaltic and other 
igneous products, the most ancient monuments of volcanic 
action within the region of Etna. By these eruptions the 
foundations of the great volcano may be said to have been 
laid in the sea when the present site of Etna was a bay of the 
Mediterranean. The fossil shells therefore found in these 
clays are of great interest in settling the chronology of the 
older part of the mountain. Out of 65 species which I 
mysdf collected in 1828 M. Deshayes considered 4 to be 
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extmet and the rest now common in the Mediterranean. 
Philippi in 1844 obtained from the same district 76 species, 
of which only 3 were extinct, while he fotmd that a larger 
number (109) from Cefali in the snbnrbs of Catania yielded a 
proportion of about 6 per cent, of extinct as compared to 
living species. A still larger collection of 142 species of 
shells which Dr. Aradas kindly lent to me in 1858 yielded 8 
per oentk of extinct species.* But these results are not so 
inconsistent as they at first appear, because all the abundant 
species (except Buccinum, temuttriatv/m, already mentioned as 
the only extinct shell out of 100 found in the ancient tuffs of 
Somma) are now living in the neighbouring sea, whereas 
nearly all the lost species are so exceedingly rare that some- 
times single individuals of them have alone been found. 
Nevertheless I regard the most ancient part of Etna as some- 
what older than the foundations of Vesuvius, and if I were 
asked what relation the tertiary strata near Catania bear in 
point of age to our British formations, I should answer that 
they are about the age of the Norwich crag. In reference 
therefore to the Glacial period I consider the oldest eruptions 
of Etna as of older date than the era of greatest cold in 
central and northern Europe. 

The reader must not suppose that the marine strata with 
the associated basaltic rocks were first formed and then 
raised to their present height above the level of the sea, and 
that the great subaerial cone of Etna was a superstructure of 
later date ; for there is reason to believe that a general and 
gradual upheaval of the foundations of Etna, together with 
the neighbouring country, was always going on during the 
long j)eriod of supra-marine eruptions. And this slow upward 
movement is probably still continuing, since raised beaches 
of sands with littoral shelb of living species often retaining 
their colour are observed at the eastern base of Etna skirting 
the shore, and there are also lines of inland cliff cut in. the 
tertiary strata and in the volcanic tuffs bearing witness to 
successive alterations in the relative level of sea and land. 

Fotail plcanU of living $peeie8 in ancient tuffs of Etna . — We 

• See ‘ Mode of Origin of Nbnut Etna,’ by the Author, Phil. Trans. Part II. for 
IBM, p. 778. 
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have larely an opportunity of determining the exact natnro 
of the T^etation which covered the mountain when sSme 
of the oldest showers of volcanic ashes were poured ont; 
but there are some stratified tuffs at Fasano near Catania 
replete with fossil leaves which throw some light on this 
subject. I obtained several species of land-plants from these 
tuffs which were determined b)' Professor Heer to belong to 
species now living in Sicily. Among others were the sweet 
bay, Laurits nobilis, the common myrtle, Myrtus eommunis, 
and the Mastick tree, Pistachia lentiecut. 

Val del Bove on the eastern flank of Etna . — Etna, when viewed 
whether from the north or south, is of a very symmetrical 
form, but on its eastern side it is intersected by a deep valley 
called the Val del Bove, the head or upper part of which is 
bounded by a precipice between .‘1,000 and 4,000 feet high, 
which begins immediately below the eastern margin of that 
highest platform which was before mentioned (p. 3) as 
having been produced by the truncation of the great cone. 
The annexed view, Plate Y., taken from a di’awing which I 
made in November, 1828, will give the reader some idea of 
this precipice below the platform No. 2, which was at that 
time covered with snow. 

The great lava currents of 1811 and 1819 are seen poming 
down from the higher parts of the V al del Bove, overrunning 
the forests of the great valley, and rising up in the foreground 
on the left with a rugged surface, on which many hillocks 
and depressions appear, such as often characterise a lava 
current before it has ceased to flow as well as after its 
consolidation. 

The small cone, No. 7, was formed in 1811, and was still 
smoking when I saw it in 1828. The other small volcano 
to the left, from which vapour is issuing, was, I believe, one 
of those formed in 1819. 

The following are the names of some of the points indi- 
cated in the sketch : — 


1. Montagnuola. 

2. Torre del Filosofo. 

3. Higheet cone. 
Lepra. 


5. Finocchio. 

6. Capra. 

7. Cone of 1811. 

8. Cima del Asino. 


9. Mnsara. 

10. Zoccolaro. 

11. Eocca di Calanna. 
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Sfhrip tioti of Plate VI . — ^The second view (PL VI.) re- 
presents tibe same Tslley as seen from above, or looking 
directly from the Val del Bove, from the summit of the 
principal crater formed in 1819.* 

The circular form of the Val del Bove is well shown in this 
view (PL VI.) To the right and left are the lofty precipices 
which form the southern and northern sides of the gfreat 
valley, and which are intersected by dikes projecting in the 
manner afterwards to be described. In the distance appears 
the ‘fertile region’ of Etna, extending like a great plain 
along the sea-coast. 

The spots particularly referred to in the plate are the 
following : — 


а, Ciipe 8pArt!v«nto, In Italy, of which the 
ontUne is aeen In tlie dtatiinoe. 

б. The promontory of Tnonntno, on the 
Hldliim ooAiit. 

f. The Hver Alcantra. 

d. The email village of Iliposto. 

e. Valley of Calanna. 

/. TIms town of Acl Ueale. 

g. Cj'clopean iBlamle, or * Foragllonl,' tn the 
Bay of Treaxa. 


h. The great harlxiur of .SjTaciwe. 

i» Tlie city of Catania, near which 1» marked 
the otmnie of the lava wliich flowed from the 
Honti Roesi in 16(19, and destroyed pert of the 
dty. 

i. Tlie r.Ake of Lentini. 

L To the h‘ft of the view la the crater of 
1811, w hich is al«o shown at No, 7, in Plate V. 

m. Hock of Muaara, also aeen at No. 9, in 
Plato V. 


The Val del Bove is of truly magnificent dimensions, a 
vast amphitheatre 4 or 5 miles in diameter, surrounded by 
nearly vertical precipices, the loftiest being at the upper or 
eastern end, where, os before stated, they are between 8,000 
and 4,000 feet high, and the others on the north and south 
side dimmishing gradually from that height to 500 feet as 
they extend eastward. The feature which first strikes the 
geologist as distinguishing the boundary cliffs of this valley, 
is the prodigions multitude of vertical dikes which are seen 
in all directions traversing the volcanic beds. The circular 
form of the great chasm, and the occurrence of so many 
dikes, amounting perhaps to several thousands in number, 
cannot fail to recall to the mind of eveiyone familiar with 
Vesuvius the phenomena of the Atrio del Cavallo, although 


• Thifl view is taken fJpom a ^otch V. ; but I conceive that it would appear 

made by Mr. James Bridges, corrected in the face of the great precipice, near 

after comparison with several sketches which the smoke issuing friim the cone 

of my own, I am xmable to point out No. 7 is made to terminate. There are 

the precise spot which this crater would many ledges of rock on the face of that 

occupy in the view represented in Plate precipice where emptions hare oecurred. 
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tbe Tal del Bove ia on a scale Mfiur exceeding tliftt of Somnift 
as Etna smpasses YesoTins in magnitude. 

Internal stmeture of the moantata and proof $ of a donhU eutu 
of eruption . — When I first examined Etna in 1828, I sttp> 
posed that the boundary walls of the great amphitheatre 
displayed such an arrangement of the beds as showed that 
the structure of that part of the mountain was very different 
from that which the escarpment of Somma exhibits. I 
imagined that the sloping away of the strata from a central 
axis to all points of the compass, or what has been called 
quaqnaversal dip, was wanting in the Val dd Bove. But 
when I revisited the same district in 1857-8,* I discovered 
that the lower portion of the volcanic beds exposed to view in 
the great precipices A, i, at the head of the valley h, i, k, of 
the section fig. 78, page 12, dipped steeply to the west, and 
this arrangement of the strata, together with that observed 
in the other cliffs bounding the valley, can only be explained 
by assuming that there was once a great centre of eruption at 
or near the point in the annexed map (fig. 77, p. 10) which I 
have marked with a cross as indicating the axis of Trifoglietto. 
The direction of the arrows a, h, c, d, e,/, h, i, indicate the 
various points of the compass towards which the strata have 
been observed to be inclined. I was accompanied in 1857 by 
Signor G. G. Gemmellaro, when we made out this quaqua- 
versal dip, and came to the opinion that the point marked 
with a cross or the axis of Trifoglietto had been an ancient 
centre of eraption.f 

In confirmation of this theory, Baron S. von Waltershausen 
has observed that there is an ancient set of greenstone dikes, 
thirteen or more in number, which radiate from the point or 
axis alluded to, and are seen traversing the surrounding 
precipices. These greenstone dikes are distinguishable by 
their mineral composition from those of more modem 
doleritic lava which radiate from the present great centre of 
eruption or the summit of Etna, ^is centre may be called, 
from the modem name of the mountain, the axis of Mongi- 

* See Paper on Mount Etna by the come to the same concittsion ; ibr that 
Author, Phil. Trans. Part 11. for 1868. part of his Atlas in which he announced 

1 1 was not then aware that Baron this opinion was not published till after 
S. Ton Wattershausen had preTiously my return to England. 
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Jkaer^iem 77. — (Map ctStm, p. 10.) 

Gfoond pUn ot Um Val del Bore, dtowiiig the dip of the bode on oppoeite eidee of 
the azie of Tritiglietlo. 


ArroiTie, <* d , «. f, e* ^ Skewing the dtp 
of the hod» in oppoeile dlx«ctioD« from the 
omUt of eruption or axle of Trtlof Iktto. 

L Arrow ebowiikir the direotioii of the dip of 
tlx* beds in the dstema (see also i in the 
secUfju fig. Td>. wliere they are inclined 6^ 
»ooth.«asi» whereas the beds In the lower parts 
of tlie same precipice as indicated by the arrow 


6. dip in quite a different direction^ or at an 
anf le of more than to the west. 

I. Boriaontal beds in the freat precipice 
abore the Serra Otannioola, resting on beds of 
trachyte and traohytio tuff and oonglomeraie. 
which last dip at atMflei of from 20^ to 
K.W. as indicated by the arrow «. 

M. N. Line of section of fig. 7tt. 


bello. In 1858, when I paid a third visit to the Val del 
Bove, I found that there was a great thickness of beds (I, 
of Map fig. 77), in that part of the precipice between the 
Piano del Lago and Giannicola, which are horizontal — a fact 
perfectly reconcilable with the theory that the structure of 
Mount Etna is due to its having been formed by the pouring 
out of lava and scoriae from two great distinct centra of 
eruption before alluded to, viz., that of Trifogliotto and that 
of Mongibello ; the latter having eventually obtained such 
an ascendency as to overwhelm the products of the former, 
and reduce the whole mountain to one symmetrical cone, 
broken subsequently by the great chasm of the Val del Bove 
on its eastern side, above described, a chasm of comparatively 
modern date. The accompanying section, p. 12, will explain 
the theory of the structure of Etna above alluded to, namely the 
hypothesis of a double axis by which all the dips in opposite 
directions in the Val del Bove, apparently so complicated, 
together with the horizontality of the beds immediately below 
the edge of the Piano del Lago, are found to be resolv- 
able into a very simple arrangement, such tis is exemplified 
in not a few of the great Javanese volcanos described by 
Junghuhn. That author has particularly called attention to 
the fact, that when there are two centres of eruption in the 
same volcanic mountain, there is a certain area between them, 
which he calls a saddle, where the beds of lava, or the 
showers of ashes, are level or horizontal. Among other 
instances he alludes to a saddle ^connecting the twin cones 
of Gede and Panggerango which is 7,870 feet high. The 
largest of the two cones, although truncated like Etna, is 
9,226 feet high, and the lesser cone has a deep valley on one 



Fig.78. 


IS 


msA. 


[Obxxyi. 



sUe comparable to the Yal 
dd Bore. In the cam of 
Etna we are nnable to de- 
cide which of the two foci, 
A or B, fig. 78, gave vent to 
the earliest eruptions, but 
it is dear that after b (or 
the focus of Trifoglietto) 
was spent, the main vent 
of Mongibello continued in 
full vigour, and over- 
whelmed with its lavas 
and scoriffi the minor cone 
d, i, until it reduced the 
whole to one elope k,f, h. 
Subsequently the chasm 
called the Val del Bove, h 
i k, was formed, chiefly I 
presume by explosions simi- 
lar to those which are sup- 
posed, in Vol. I. p. 631, to 
have removed the old cen- 
tral portion of Somma be- 
fore the modem cone of 
Vesuvius was built up. 

The arrangement of the 
beds seen between h and i, 
fig. 78, in the great preci- 
pice at the head of the Val 
del Bove, is of peculiar 
geological interest, more 
especially the horizontality 
of those beds of lava which 
are shaded with a dark tint 
immediately below h. In 
the entire absence of dip 
which they exhibit, they 
are strikingly contrasted 
with lower beds seen in 
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ike Mane Motioa in the Sem Giannioola, which ere Idghly 
indined. In order to stadj the horizoniel beds, I made 
two descents the great precipice at different points pre> 
▼ionsly examined by very few geologists, and observed a re* 
markable resemblance of one of the old lava cnrrents with 
the lava of 1669, which overflowed some level ground in 
the neighbourhood of Catania, where there had been a rich 
vegetatioo. The vegetable soil was then turned or burnt 
into a layer of red-brick-coloured stone, reminding me of 
the red bands which separate so many of the lavas in 
Madeira. Midway between the top and bottom of the 
great precipice, at a place called Teatro Grande, the ancient 
lava current is seen, which had evidently cooled on a flat 
surface, and the lower scoriaceous part of which reposed on 
a red band of burnt soil, over Which it had poured. Over- 
lying the bottom scoriae was a central mass of stony lava no 
less than forty feet thick, divided by vertical rents, so as to 
be almost columnar, and above this again was the usual 
upper scoriaceous and highly vesicular division of the current. 
No hypothesis, except that of the double axis, can give even 
a plausible explanation of the position of this powerful 
current, which must have cooled on a flat surface. But the 
phenomena are quite reconcilable with the former existence 
at this point of a saddle between the cones. 

When treating of Vesuvius, in the first volume, p. 634, 
I gave the reader an account of the theory of elevation craters 
as it has been called, to which some geologists have attri- 
buted the high inclination of the lavas of Somma, which dip 
outwards in all directions from a central axis. The structure 
of Mount Etna has been referred by partisans of the same 
school to a similar movement of upheaval, which caused all 
the volcanic formations previously horizontal to be sudflenly 
uplifted into a mountain mass, so as to assume a conical form, 
the beds of lava and scoriae being made to dip away in all 
directions from the axis of upheaval. Even if it were true 
that the alternate scoriaceous and stony beds exhibited a 
quaquaversal dip, many unanswerable objections might be 
offered to the above-mentioned hypothesis. Among others, 
I may mention the impossibility of imagining that so large 
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a ptoiK^tion of the dikes of differeot should be so nearljr 
Toia^ as the]r axe found to be. Bat as I have dwelt so 
long on this sabject on a former occasion, 1 will merelj saj 
here, in faronr of the theorj of emption as opposed to that 
of upheaval, that one cone formed by eruption may and often 
does embrace and bniy a contignoos cone of older date and 
of similar origin ; whereas a cone of upheaval, even if we 
grant that the volcanic forces ever give rise to such a struo 
tare, cannot be conceived to envelope an older cone. 

Want of parallelum in the ancient lavas . — It will be nsefnl, 
however, to point ont in detail some features in the shape 


Fig. 79. 






Stonj layers in the northern escarpment of the Val del Boro in the 8erra di Cerrita, 
part of the Concazze (see Map, fig. 77), whore the jircripice is 1,000 feet high. 

«. Vertl(»l section of rock 40 feet. d. Same bed as a thinning out westward to 

6. c. Beds to the westward in the same a thickness of 4 or 6 feet at a distance of a 
plane as the thickest part of a. few hundred yards from o. 


and structure of the beds which are intersected in the cliffs 
of the Val del Bove, in order to show that they are not uni- 
form in thickness, and that they by no means preserve every- 
where that perfect parallelism to each other which has been 
ascribed to them. They present, it is true, to the eye, a 
great appearance of regularity when viewed as a whole and 

from a distance, but when 


Fig. 80. 
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more closely inspected, they 
are found to be variable, 
both in thickness and in 
their dip, as much so as we 
have any right to expect in 
currents which have flowed 
down the sides of a steeply 
sloping cone like Etna fix>m 
some opening at or near the 
summit. The annexed dia- 
grams will explain the appearance of the lavas and scoriae 
at many points in the north and south walls of the Yal del 
Bove, where they are laid open to view in vertical sections. 


Non-parallel beds of stony lara in the Con- 
cazze, or part of the northern escarpment 
of the Val del Bove. 

Vertical distance from a to 6 about 60 feet. In- 
ooher^t tuffs and soorlse Intervene between the 
solid beds here figured* 


cb. sxn.} sraiATA ahi» bedb of the val del BorE. 


Fig. 81. 


As oonUnui^ many of the beds in the boondaiy 
clifBi of the Tal del Bore has been thought bj some to be 
opposed to the theory 
of their having flowed M : / 1 l* l 

in aucc^ssion one over 
the other doura the 
sloping sides of a 
great cone, I may re- 
mark, tliat provided 
we behold a section 
running in the same 
direction as the ori- 
ginal course of the 
currents, we have 
every reason to ex- 
pect them to be con 
tinuous for 

to their 

din, even if it amount dippin^r 

a ' ^ Fm 

to 20° or 30°, there similar dip with inanj othern which andcrllu it. 
is no reason for con- 
cluding, as I shall show in the sequel, that they may not 
have teen originally inclined at such high angles. 

I may here remark, that I saw no signs of buried lateral 



Beds of doleritic lara and scori® in the Serra del 
Solfizio, south side of the Val del Bove. 


a. Bed of stony Isva 12 fcjet thick, Inclln d at an angle of 10®. 
fc. liod of scorim with angular fragmenta of Booriaceoiw 
several lava O feet thick. 

e. Bud of similar matorials, but ooamor, thinning out at 
Bed of Ijasaltlc lava, Z ft'rt in its greatest * 
at an angle of 27® (or 17® degrees steejior than n). 
Fragmentary tKK)rtace<»u« bed 10 fe«t tidek, having a 


Fig. 82 . 




cones laid open 
by the grand sec- 
tions exhibited 
in the cliffs of 
the Val del Bove. 

Such buried 
cones are dis- 
tinctly to be 
seen in some in- 
land ravines and 
in sea-cliffs in 
Madeira, and 
their absence in 
the Val del Bove implies that the great period of lateral erup- 
tions was subsequent in date to the origin of that valley. 




Curvatures of lava in the hill of Zoccolaro, at the eastern 
extremity of the Serra del Solfizio. 

a, &, c. Throe beds of lava varying In thickness from 4 to 6 feet, 
and separated by inooherrat matter. 

O LDinS OUL aL o . 

a and c are 40 feet apart in tl» middle of this section, and ootne 
within 12 and 14 feet of each other at the two extremities of the 
same. 
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> JKIw in, i^TalM Bow.-r'l 1i»t« nbmdj alluded to ft aet 
c^ cBIcm of greenstone or diorito, obsemred by WaltershAosen 
to ocmr^ge in tbe supposed eentoe of erapti<m or axis of 
^^ifbglietto (see p. 11). A much greater number of dikes 
or T^oal walls of lara radiate from the modem centre of 
eruption, or that of Mongibello. They consist chiefly of 
dcderite or greystone, intermediate between tiachyte and 
basalt, — ^the trachi-dolerites of some geologists. They vaiy 
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Bikes at tbe base of the Serra del Solfizio, Etna. 


in breadth from 2 to 20 feet and upwards, and usually 
project from the face of the cliffs, as represented in the 
annexed drawing (fig. 83). They consist of harder materials 
the strata which they traverse, and therefore waste 
away less rapidly under the influence of that repeated con- 
gelation and thawing to which the rocks in this zone of 
Etna are exposed. The dikes are, for the most part, vmi;ical, 
but sometimes they run in a tortuous course through the 
tuffs and breccias, as represented in fig. 84. 

The dikes are most numerous near the head of the Yal del 
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Bove, or nM3t the two ancient centres of eruption before alluded 
to as tbe axes of TrifogHetto and Mongibello* Thejr continue 
to abound tbroughont that zone of the mountain where 
lateral eruptions are frequent^ but below that level they 
become extremely rare, as in the valley of Calanna, for 
example, in which the section of the Val del Bove is continued. 
Still lower in the same easterly direction, as in the valley of 
San Giacomo for example, none occur. The rarity or ab- 
sence of dikes as we recede from the great centres of eruption, 
is precisely what wo might have expected if the vertical 
fissures now filled with 
solid rock were once 
the channels which 
gave passage to lava 
currents. Some of the 
dikes blend at their 
termination upwards 
with currents of lava, 

so that they stop short veins of lava at PuDto di aiumuiito Kr na. 

in their vertical direc- 
tion, and do not cut through the higher currents of lava 
which were of a date posterior to the dikes. 

We know not how large a quantity of modern lava may 
have been poured into the bottom of the Val del Bove, yet 
we perceive that eruptions breaking forth near the centre of 
Etna have already made no small progress in filling up this 
great hollow. Even within the memory of persons now 
living, the rocks of Musara and Capra have, as before stated, 
lost much of their height and picturesque grandeur by the 
piling up of recent lavas round their base, and the great 
chasm has intercepted many streams which would otherwise 
have deluged the fertile region below. The volcanic forces 
are now labouring, therefore, to repair the breach caused pro- 
bably by one or more paroxysmal eruptions of ancient date 
on one side of the great cone ; and unless^their energy should 
decline, or a new sinking take place, they may in time efface 
this inequality. In that event, the restored portion will 
always be uncomformable to the more ancient part, yet it 
consist, like it, of alternating beds of lava and scorim, 

VOL. II. o 
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irbk^ tntik all ilieiir inregalarities, wM have a genezal dope 
from tlie centre and anmmii of Etna towards the sea. 

Onp»» of the Val del Save . — It will he seen Iqr the ideal 
section g^ven in fig. 78, p. 12, that I snppose the modem 
centre of eruption A (that of Mongibello), to hare orer- 
whelmed the ancient lateral cone formed bj B, so as to reduce 
the whole mountain to a symmetrical form, the present Talley 
Jc, i, h having then no existence. In what manner this 
enormous gulf was formed has been a fertile subject of con- 
jecture. So late as the year 1822, as we shall see in the 
next chapter, during a violent earthquake and volcanic erup- 
tion in Java, one side of the mountain called Galongoon, 
which was covered by a dense forest, became an enormous 
gulf in the form of a semicircle. The new cavity was about 
midway between the summit and the plain, and surrounded 
by steep rocks. 

It will be shown that in that instance vast quantities of 
boiling water and mud were thrown up like a waterspout, 
and great blocks of basalt were projected to a distance of 
7 miles, and ashes and lapilli of the size of nuts as far 
as 40 miles. Numerous villages 24 miles distant from the 
centre of eruption were completely buried, implying that the 
solid matter ejected by the explosive power of steam was 
voluminous enough to account for the formation of the new 
cavity, vast as were its dimensions. 

It will be also seen in the thirtieth chapter, that in the 
year 1772, Papandayang, the largest volcano in the island 
of Java, lost 4,000 feet of its height, at the same time that 
40 villages, spread over an area 14 miles in length and 6 in 
breadth, were destroyed. According to the earlier accounts 
they were engulphed, and the truncation of the cone was attri- 
buted to subsidence ; but the subsequent investigations of 
Junghuhn about seventy years after the explosion have shovm 
that the villages were overwhelmed by volcanic sand and 
scorise, under which they now lie buried ; and it cannot be 
doubted that the loss of height of the great cone, attributed 
to subsidence, was caused in great part at least by explosion. 
The summit of Carguairaizo, one of the loftiest of the 
of Quito, is said to have ‘ fallen in ’ on July 19, 1698, and 
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ajiother oboe stin giwater altitade in the MiD« dbftin, <mUed 
Capoe Uroo, wu, aocfHrding to traditioD, tnmoated a ritoqt 
time before the oonqnestof America by the Spaniards. It is 
possible that when the lara is rising to the sommit of snoh 
cones the foundations of parts of the Tolcanio structure may 
be undermined and melted, so that one part after another of 
the walls of the highest crater may sink down before the 
principal escape of gas and the ejection of scorise take place. 

In the year 1 792 a small circular tract called the Cistema 
(see Map, fig. 77, p. 10), situated on the edge of the platform 
from which the highest cone of Etna rises, sank down to the 
depth of about 40 feet, leaving a chasm on all sides, of which 
a vertical section is now seen of alternating stony lavas and 
scoriee. It is conceivable, therefore, that ptuis of the area 
of the Val del Bove may, in like manner, have fallen in 
during earthquakes ; but I think it probable that by far the 
greater portion of the huge cavity was caused by explosions 
of pent-up vapours escaping from subterranean fissnres, 
during one or more lateral eruptions connected perhaps with 
a temporary revival of the ancient focus of eruption which I 
have called the axis of Trifoglietto. 

Eruptions of Etna of historical date. — Truncation of the great 
cone.- -What I have hitherto said of the first existence of 
Etna as a submarine volcano, the building up of the sub- 
aerial part of the mountain by the pouring out of lava and 
ecoriffi from two principal centres, the accompanying general 
upheaval of the whole mass above the level of the sea, and 
the probable origin of the Val del Bove, has been entirely 
founded on geological inferences from the internal structure 
of the mountain. 

We may next turn to history and enquire what changes 
are recorded to have taken place since the volcano was an 
object of interest to the civilised world. 

Etna appears to have been in activity from the earliest 
times of tradition ; for Diodorus Siculu%mention8 an eruption 
which caused a district to be deserted by the Sicani before 
the Trojan war. Thucydides informs us, that in the sixth 
year of the Peloponnesian war, or in the spring of the year 
425 B.C., a lava stream ravaged the environs of Catania, and 
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thit lie cays was the third eraption which had happened in 
Sicily since the colonisation of that idand by the Greeks.* 
The second of the three emptions alladed to ^ the historian 
took place in the year 475 B.o., and was that so poetically 
described by Pindar, two years afterwards, in his first 
Pythian ode : — 

mmr 

A’ ovpama 

Airra, waytns 
Xioyos 6^9 tat rtBitva, 

In these and the seven verses which follow, a graphic de- 
scription is given of Etna, such as it appeared five centuries 



Truncated appearance of the summit of Etna on the north-west bide, as sotm from 
near Bixinte. — From Sartorius von Waltorshausen’s Atlas, plate 2. 

cr. Modem cone. c. Margin of highest piat.'orm. d. Minor cones. 


before the Christian era, and such as it has been seen when 
in eruption in modern times. The poet is only making a 
passing allusion to the Sicilian volcano, as the mountain 
under which Typheeus lay buried, yet by a few touches of his 
roaster hMid every striking feature of the scene has been 
faithfully portrayed. We are told of ‘the snowy Etna, the 
pillar of heaven — the nurse of everlasting frost, in whose deep 
caverns lie concealed the fountains of unapproachable fire — 
a stream of eddying smoke by day — a bright and ruddy flame 

* Book iii., at the end. 


Cm. XXin.] CHAKOES IN APPEABANOE OF MOUNTAIN. SI 

bj night ; and boming xooks rolled down with loud uproar 
into i^e eea.* 

Alessi, in his history of Etna, refers to Seneca, who, in the 
first century of our era, reminds Lncilins t^at Mount Etna 
had in his time lost so mush of its height that it could he no 
longer seen by boatmen from certain points whence it had 
been previously visible. At a much later period, Falcando 
relates that the lofty summit of Etna had fallen in in 1179, 
and it was destroyed, according to Fazzello, for the third time 
in 1329. Again it was engnlphed for the fourth time in 
1444, and finally the whole top of the mountain fell in in 
1669.* The result of these and previous truncations may 
well have produced the form of a truncated cone, represented 
in the accompanying drawing (fig. 85). 

Eruption o/l 669. Monti Roaai formed . — The great eruption 
last alluded to of 1669, deserves particular attention as the 
first noticed by ccientific observers. An earthquake had 
levelled to the ground all the houses in Nicolosi, a town 
situated near the lower margin of the woody region, about 
20 miles from the summit of Etna, and 10 from the sea 
at Catania. Two gulfs then opened near that town, from 
whence sand and scorise were thrown up in such quantity, 
that in the course of three or four months, a double cone was 
formed, called Monti Rossi (or Monte Rosso) about 450 feet 
high. But the most extraordinary phenomenon occurred at 
the commencement of the convulsion in the plain of S. Lio. 
A fissure six feet broad, and of unknown depth, opened with 
a loud crash, and ran in a somewhat tortuous course to 
within a mile of the summit of Etna. Its direction was 
from north to south, and its length 12 miles. It emitted a 
most vivid light. Five other parallel fissures of consider- 
able length afterwards opened one after the other, and 
emitted vapour and gave out bellowing sounds which were 
heard at the distance of 40 miles. This case seems to 
present the geologist with an illustraAion of the manner in 
which those continuous dikes of vertical porphyry were 
formed, which are seen to traverse some of the older lavas of 
Etna ; for the light emitted from the great rent of S. Lio 

* Alessi* Storia critica dell* Eras, dell* Etna, p. 149. 
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mppimam to indicate tliat tiie fisiiire waa fiUed to a certain 
lieight wiUi incandescent lara, probably to tbe hdgbt of an 
orifice not far from Monti Bossi, whicb at that time opened 
and ponred ont a lava cnrrent. When the melted mattar in 
such a rent has cooled, it mast become a solid wall or dike, 
intersecting the older rocks of which the mountain is com- 
posed ; similar rents hare been obserred during subseqaent 
eruptions, as in 1832, when they radiated in rarious directions 
from the centre of the volcano. It has been remarked by M. 
EHe de Beaumont, that such star-shaped fractures may 
indicate a slight upheaval of the whole of Etna. They may 

Fig. 86. 



Minor cones on the Onnks of Etna. 

Monti Homi, new Nloolosi, formed In 1669. 3. Monpilerl. 


be the signs of the stretching of the mass, when it was being 
raised gradually by a force from below.* 

The lava current of 1669, before alluded to, soon reached 
in its course a minor cone called Monpileri, at the base of 
which it entered a subterranean grotto, communicating with 
a suite of those caverns which are so common in the lavas of 
Etna. Here it appears to have melted down some of the 
vaulted foundations of the cone, so that the whole of that 
hill became slightly depressed and traversed by numerous 
open fissures. 

Part of Catania destroyed . — The lava, after overflowing 
fourteen towns and villages, some having a population of 

♦ M4m. paiir »erTir, &c.» tom. iv. p. 1 16. 
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bet^veea 8,000 and 4,000 iohalntaats, airiTed at length at 
the wall* <ii Catania. Theae had been pnrposely mtsed to 
protect the city ; bat the baming flood aocamolated till it 
loee to the top of the raonport, which was 60 feet in height, 
and then it fell in a fiery cascade and overwhelmed part of 
the city. The wall, however, was not thrown down, bat was 
discovered long afterwards, by excavations made in the rook 
by the Prince of Biscari ; so that the traveller may now see 
the solid lava curling over the top of the rampart as if still 
in the very act of falling. 

This great cnrrent performed the first IB miles of its 
course in 20 days, or at the rate of 162 feet per hour, but 
required 28 days for the last two miles, giving a velocity 
of only 22 feet per hour; and we learn from Dolomieu 
that the stream moved during part of its course at the rate 
of 1,500 feet an hour, and in others took several days to 
cover a few yards.* When it entered the sea it was still 
600 yards broad, and 40 feet deep. It covered some ter- 
ritories in the environs of Catania, which had never before 
been visited by the lavas of Etna. While moving on, its 
surface was in general a mass of solid rock ; and its mode of 
advancing, as is usual with lava streams, was by the occasional 
fissuring of the solid walls. A gentleman of Catania, named 
Pappalardo, desiring to secure the city from the approach of 
the threatening torrent, went out with a party of 50 men 
whom he had dressed in skins to protect them from the heat, 
and armed with iron crows and hooks. They broke open 
one of the solid walls which flanked the current near Bel- 
passo, and immediately forth issued a rivulet of melted 
matter which took the direction of Patem6 ; but the inhabit- 
ants of that town, being alarmed for their safety, took up 
arms, and put a stop to further operation s.t 

As another illustration of the solidity of the walls of an 
advancing lava stream, I may mention an adventure related 
by Becupero, who, in 1766, had ascended a small hill formed 
of ancient volcanic matter, to behold the slow and gradual 


* See Prof. J. D. Forbes, Phil. Trans. 1846, p. 156, on Velocity of Lara, 
t Ferrara, Deseriz. dell* Etna, p. 108. 
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api^ro&oli of a 2 ei 7 current^ 2^ miles broad ; irben soddenlj 
two small threads of liquid matter issaiog from a orerioe 
detached themselves from the main stream^ and ran rapidlj 
towards the hill. He and his guide had jnst time to Mcape 
when they saw the hill, which was 50 feet in height, 8ar> 
rounded, and in a quarter of an hour melted down into the 
burning mass, so as to flow on with it. 

But it most not be supposed that this complete fusion of 
rocky matter coining in contact with lava is of universal, or 
even common occurrence. It probably liappens when fresh 
portions of incandescent matter come successively in contact 
with fusible materials. In many of the dikes which intersect 
the tuffs and lavas of Etna, there is scarcely any perceptible 
alteration eflFected by heat on the edges of the horizontal 
beds, in contact with the vertical and more crystalline mass. 
On the site of Monpileri, one of the towns overflowed in the 
great erujition above described, an excavation was made in 
1704; and by immense labour the workmen reached, at the 
depth of 35 feet, the gate of the principal church, where 
there were three statues, held in high veneration. One of 
these, together with a bell, some money, and other articles, 
were extracted in a good state of preservation from beneath 
a great arch formed by the lava. It seems very extraordinary 
that any works of art, not encased with tuff, like those in 
Herculaneum, should have escaped fusion in hollow spaces 
left open in this lava current, which was so hot at Catania 
eight years after it had entered the town, that it was impos- 
sible to hold the hand in some of the crevices. 

Svhterranean caverns on Etna . — Mention was made of the 
entsance of a lava stream into a subterranean grotto, whereby 
the foundations of a hill were partly undermined. Such 
underground passages are among the most curious features 
on Etna, and may perhaps be caused by the sudden con- 
version into steam of l^kes or streams of water overwhelmed 
by a fiery current. Great volumes of vapour thus produced 
may force their way through liquid lava already coated over 
externally with a solid crust, and may cause the sides of 
such passages as they harden to assume a very irregular 
outline. Near Nicolosi, not far from Monti Rossi, one of 
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tboae great openings may be seen, called the Fossa della 
Palomba, 625 feet in circumference at its montb, and 7B 
deep. After reaching the bottom of this, ere#nter another 
dark cavity, and then others in succession, sometimes de- 
scending precipices by means of ladders. At length the 
malts terminate in a great gallery 90 feet long, and from 15 
to 50 broad, beyond which there is still a passage, never 
yet explored ; so that the extent of these caverns remains 
unknown. The walls and roofs of these great vaults are com- 
posed of rough bristling scoriae, of the most fantastic forms. 

Changes produced by modem eruptions in the Val del Bove . — 
The change which had taken place in the aspect of several 
j>arts of Etna, bnt especially in the A^al del Bove, betwee* 
iny first and second visits, or between 1825 and 1857, was very 
striking. That deep chasm is called in the provincial dialect 
of the peasants, ‘ Val di Bue,’ for here the herdsman 

in mlnctA rallc mvgUmiittm 

ProHpectnt errAnte« 

Dr. Buckland was, I believe, the first English geologist 
who examined this valley with attention, and I am indebted 
to him for ha%dng described it to me, before I visited Sicily, 
as more worthy of attention than any single spot in that 
island, or perhaps in Europe. 

The views. Plates V. and VI. above described, p. 7, have 
already given the reader some idea of the scenery, looking up 
and down the vast amphitheatre, which is between 4 and 5 
miles in diameter. The accompanying view, fig. 87, is part 
of a panoramic sketch, which I made from the summit of 
the highest cone on December 1, 1828. Every part orthe 
mountain was then free from clouds, except the Val del 
Bove, some of the upper precipices of which, alone, were 
visible with their large vertical and projecting dikes as seen 
in the drawing. The crater nearest the foreground and 
the small cone adjoining were among those which had been 
thrown up during the eruptions of 1810 and 1811, or eighteen 
years before my visit. 

The lavas which were poured out from near the head of 
the Val del Bove in those years, and subsequently in 1819, 
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flow«d between some isolnted roeksy called ilnocehkH Capm, 
md Mnaaray which are remnants of the old cone of Etna, not 
dostro/ed at the time when the Tal del Bove was formed. 
Iinie position of these is pointed ont at numbers 5, 6, and 9, 
in Plate V. Their height had already been much reduced 
by the flowing round them of the cnrrents of 1811 and 1819, 
and in 1857 I found that the laras of 1852 had still farther 
diminished their importance. When I first saw them as I 



View from the summit of Etna into the- Val del Bove. 


ascended the valley, I compared them to the Trosachs in 
the Highlands of Scotland which 

Like gfanta stand 

To sentinel eiichanted land ; 

though I remarked that the stem and severe grandeur of the 
scenery which they adorned, was not snch as would be 
select^ by a poet for a vale- of *■ enchantment.’ The character 
of the scene would accord far better with Milton’s picture of 
the infernal world ; and if we imagine onrselves to behold in 
motion, in the darkness of the night, one of those fiery 
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carrentR wliidi have lo often imvened the great vaU^, we 
may wdl teeall ^ 

you dreary fi^orn and wild, 

The teat of deoolattoii, Totd of light, 

Sare what the glimmerttig of theee livid ilaiiiea 
CeaU pale and dreadful. 

The strips of green herbage and forest land, which hare 
here and there escaped the bitming lavas, serve, by contrast, 
to heighten the desolation of the scene. When first I visited 
the valley, nine years after the eruption of 1819, I saw 
hundreds of trees, or rather the white skeletons of trees, on 
the borders of the black lava, the tranks and branches being 



View of the rocks Finoccbio, Capra, and Musara, Val del Bore. 

all leafless, and deprived of their bark by the scorching heat 
emitted from the melted rock; an image recalling those 
beautifal lines : — 

As when heaven’s fire 

Hath scath’d the forest oaks, or mountain pines, 

With singed top their stately growth, though bare. 

Stands on the blasted heath. 

An nnnsnal silence prevails tbrongbont this region ; for 
there are no torrents dashing from the rocks, nor any move- 
ment of running water in this valley, such as may almost 
invariably be heard in mountainous regions. Every drop of 
water that falls from the heavens, or flows ftom the melting 
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ice sad scow, ii iaitaittlj idMorbed the poroos lara; and 
such is the dearth of springs, that the herdsman is compelled 
to supply his flocks, during the hot season, from stores of 
snow laid up in hollows of the mountain during winter. 

Late in the autumn, when the sun is shining, both on the 
higher and lower parts of Etna, and on every other part of 
Sicily, clouds of fleecy vapour often fill the Val del Bove, and 
are sometimes pariially dispersed along the face of the lofty 
precipices, causing the black outlines of the dikes to stand 
ont in picturesque relief. About midday, when the vapours 
begin to rise, the changes of scene are varied in the highest 
degree, different rocks being unveiled and hidden by turns, 
and the summit of Etna often breaking through the clouds 
for a moment with its dazzling snows, and being then as 
suddenly withdrawn from the view. 

EruptioiiH 0 / 1811 and 1819. — I have alluded to the streams 
of lava which were poured forth in 1811 and 1819, Gem- 
raellaro, who witnessed these eruptions, informs us that the 
great crater in 1811 first testified by its loud detonations 
that a column of lava had ascended to near the summit of 
the mountain, A violent shock was then felt, and a stream 
broke out from the side of the cone, at no great distance 
from its apex. Shortly after this had ceased to flow, a 
second stream burst forth at another opening, considerably 
below the first ; then a third still lower, and so on till seven 
different issues had been thus successively formed, all lying 
upon the same straight line. It has been supposed that 
this line was a perpendicular rent in the internal framework 
of the mountain, which rent was probably not produced at 
one shock, but prolonged successively downwards, by the 
weight, pressure, and intense heat of the internal column 
of lava, as its surface subsided by gradual discharge through 
each vent.* 

In 1819 three large mouths or caverns opened very near 
those which were formed in the eruptions of 1811, from 
which flames, red-hot cinders, and sand were thrown up with 
loud explosions. A few minutes afterwards another mouth 
opened below, from which flames and smoke issued ; and 

* Scro|>e on Volcanos, Ist ed. p. 160 , 
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finally a fifUi, lower atill, whence a torrent of lara flowed, 
which spread itself with great velocity o^er the Val del Bove. 
When it arrived at the precipice called the Salto della 
Giumenta, at the head of the valley of Calanna, it poured 
over in a cascade, and made an inconceivable crash as it was 
dashed against the bottom. So immense was the column of 
dust it raised by the abrasion of the tufaceous hill over which 
the hardened mass descended, that the Catanians were in 
great alarm, supposing a new eruption to have burst out 
in the woody region, exceeding iii violence that near the 
summit of Etna. 

Mr. Scrope observed this current in the year 1819, slowly 
advancing down a considerable slope, ut the rate of about a 
yard an hour, nine months after its emission. The lower 
stratum being arrested by the resistance of the ground, the 
upper or central part gradually protruded itself, and, being 
unsupported, fell down. This in its turn was covered by a 
mass of more liquid lava, which swelled over it from above. 
The current had all the appearance of a huge heap of rough 
and large cinders rolling over and over upon itself by the 
etfect of an extremely slow propulsion from behind. The con- 
traction of the crust as it solidified, and the friction of the 
scoriform cakes against one another, produced a crackling 
sound. Within the crevices a dull red heat might be seen 
by night, and vapour issuing in considerable quantity was 
visible by day.* 

Eruption of August 1852. — Of all the recorded eruptions 
of Etna, with tlie exception of that of 1 669 already men- 
tioned, that which began in August 1852 and continued till 
May of the following year, was the most remarkable for the 
volume of lava which was poured out. In the annexed wood- 
cut, fig. 89, 1 have given the outline of the two cones (marked 
1852 in the Map, p. 10) from which in that year the lava 
issued, and in fig. 90 the cour'se of the great stream is pointed 
out as it flowed from those cones b, c,* through the Val del 
Bove, and beyond to Milo in one direction, or to the left, and 
to Zafarana on the right. Scoriae were thrown up from the 
largest of the two cones c, which was formed together with b 


* Serope on Vclcanos, 1st ed. p. 102, 
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ai tile liase of tiie gnak precipiee at ti^ liead of tlie Val ddi 
Bore. At the end of 16 days tlie cone ewaa about 500 feet high 
on it* eastern side. So great was the expanse of molten matter 
that tile whole vallej when seen by Dr. Giuseppe Gemmellaro 
at the end of August was like a sea of fire. In September it 
reached the Salto della Giumenta before mentioned. In its 
descent over the precipice it sounded as if metallic and glassy 
substances were being broken. The lava streams d d, which 
poured out till the latter part of November, were about 2 
miles broad and 6 long. They continued to issne with some 
intermissions for more than nine months until May 1853. 
The depth of single streams was from 8 to 16 feet, but when 


Fig. 89. 



The two cones formed in the Val del Ilove by the eruption of 1852. 

jL* Lower port of Glunuioola Orantio. <•. Lower rone, called Centenarlo. 

6. Uppw or wealem cone, Commencement of current of lava of 1B52. 

piled over one another they were from 30 to 50 feet thick, 
and at one point near the Portella or lower entrance of the 
valley of Calanna they seemed to me to have attained a 
thickness of 150 feet. 

An unusual event, and one of no small geological interest, 
occurred some weeks after May 27th, when to all appearance 
the flowing of lava had entirely ceased, and when all the 
currents had become encrusted over with so firm a covering 
of Bcorim that the inhabitants could walk upon them with 
safety. Within a certain area six or seven hundred yards in 
diameter, and situated between Zafarana and fiallo, all the 
firuit trees and vines were struck dead ns if by lightning. 
The ground exhaled no hot gases, and the vegetation did 
not suffer in the space intervening between the parched-up 
area and the recent lava, which was only a few hundred 
yards distant. Dr. Giuseppe Gemmellaro has suggested, as 
the most natural explanation of the phenomenon, that the 
lava had gradually made its way through underground pas- 
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gages, until eoming bonentii tl» aUnded to, it diied op 
the of the plants bj its heat. Jt is well known (see 
above, p. 24) that vaults and tnnnels abound in many of 
the modem lavas of Etna, and such empty spaces must some- 
times at snbseqnent periods nnavoidably become filled with 
fused matter, which may then solidify under considerable 
pressure, giving rise to masses of crystallme rock or some- 
times perhaps to tortuous veins like those represented in 
fig. 84, p. 17, and offering a perplexing problem to a geo- 
logist who might obtain a section of them without having any 
clue to the peculiar conditions under which they originated.* 


Fig. 90. 



Course of the lava currents through the Val del Bove in 18d2>3, 
as seen from alxive. 


«. Part of Giannicolft Oronde. g, Gianni cola Piccolo, 

h, e, d. Some as fig. 69 . A, h. Concnzzi*. 

€. Monte Flnocchio Inferior '. i, i. Serra del Solflilo. 

/. RoccaMusara. 

In 1858 I found the surface of this lava of 1853 still giving 
out columns of white steam from numerous fumeroles, espe- 
cially after heavy rains. Near Zafarana its surface is divided 
into longitudinal ridges rising from 30 to 70 feet above 
the bottom of the intervening and parallel depressions. 

It was a melancholy sight to behold pastures which I had 
seen verdant in 1828 in the valley of Calanna black and 
desolate, and tbe region above so deluged with the sterilising 
products of the late eruption that there had ceased to be 
a pictaresqne contrast between tracts of the old forest and 
dark strips of modem lava. The larger part of the great 
valley had become one monotonous desert no longer support- 
ing any cattle, nothing to justify its original name, and with 
scarcely a living creature to be seen, though a few goats were 

* Etra Paper, p. 22 ; see above, p. 9. 
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atm driren ap to browse oa some shrobbj knolls which had 
MKsaped the general derastation. After passing several days 
without seeing even a goat, the foot marks of a wolf imprinted 
at one point on some loose volcanic sand quite surprised me 
and made me enquire where they could still find any prey. 

I crossed on foot a part of the new lava-field, in company 
with Signor G. G. Gemmellaro, to the rock called Finocchio, 
which in 1828 I had reached easily on mule-back. There 
was now no foot-path leading to it, and we found the black 
scoriaceous crust of the lava of 1852 bent into exceedingly 
sharp, longitudinal ridges, separated by narrow interspaces 
from 20 to 40 feet deep, the sides of each ridge sloping 
at angles of from 20° to 40°, but seeming at some points 
to be absolutely vertical. On the crests of each ridge were 
fragments of scoriform lava, sometimes tabular, and stick- 
ing up edgeways, like sheets of broken ice on a Canadian 
river, where an obstruction or ‘jam ' has stopped the floating 
masses. More frequently the projecting portions of the 
superficial crust assumed the forms of gigantic madrepores, 
or of various animals, such as dogs and deer, or still oftener 
the heads of elks with branching horns. The surface often 
resembled, in all but colour, the descriptions given of coral 
reefs ; and at one moment when my foot slipped, I had an 
opportunity of knowing that the stony asperities could tear 
the flesh of my hands as readily as real corals. The stones 
on the top and sides of most of the ridges were so loose, that 
no sooner was one of them set a-rolling than it started a 
number of others, until a continuous avalanche poured down 
into the trough below ; but as we had to zigzag our way up 
each steep ascent, there was little danger of one of us being 
just under his companion when the torrent came down. Now 
and then our direct march was arrested by a ridge, rendered 
impassable by its steepness or the incoherence of the stony 
Augments forming its crust, which obliged us to make a long 
circuit, often with our backs turned towards our goal, the 
hill of Finocchio. The manner in which detached blocks of 
various shapes and sizes were occasionally poised one upon 
another, on very narrow ridges, made us marvel that high 
winds had not blown them down. I cUmbed up to some of 



Ob. XXVL3 AHaSHT LATA CQBSSmS OOKFOBXABLB. 88 

th i n , to Moerfauili tliftt they weae not soldered on to the mass 
of soonsB below ; bnt I found them free to move and only 
holding on by the slight inequalities of their surface.' 

When at length we reached Finoochio we found it standing 
Hke a rocky islet submerged up to its middle in lavas of 
different ages, and with the fresh current of 1852 near its 
base. The relief afforded to the eye by that oasis was very 
great; and although the day was cloudy, the green turf 
enlivened by the flowers of a yellow ragwort, looked dazzling 
by contrast with the dark surrounding desert, and the 
autumnal crocus (colchieum autumnaU), also in full bloom, 
seemed more than ever beautiful. 

The manner in which pieces of loose scorue had often rolled 
down in great numbers from the ridges into the troughs of 
the lava serves to show to what an extent superficial inequa- 
lities may be reduced, or even effaced, when fresh currents 
overflow older ones. This may partly account for the regu- 
larity and parallelism of the successive stony lavas with their 
upper and under scoriae in the escarpments of the Val del 
Bove ; but the chief reason why those ancient currents are 
for the most part so conformable to each other is, I believe, 
the steepness of the slope down which they descended ; the 
lofty and sharp ridges above described being characteristic of 
lavas flowing on more level ground or down slightly inclined 
planes. When they descend very steep slopes the very 
moderate thickness which they attain is alone sufficient to 
preclude the possible formation of undulations like those just 
described, which are from 1 0 to 30 feet or more in height. 

Cascades of lava at Salto della Giumenta . — Some very 
instructive examples are to be seen at various points on 
Mount Etna of the external form and internal structure 
assumed by currents of lava of known date which have flowed 
down very steep slopes. To one of these, which was precipi- 
tated in 1819 down a precipice which forms the head of the 
valley of Calanna, allusion has already been made, page 29. 
This precipice, called the Salto della Giumenta, is about 400 
feet high and several hundred wide. In the annexed drawing, 
fig. 91, which I made in 1828, it is seen in profile, with a 
bmnch of the lava of 1819 a, flowing over it. Fig. 92 is a front 
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Ti 0 «r<xftlieiBme, wMohl dcetdbedialSSS, whraamiichiiioze 
Btceam of melted matter (part ci the corrent of 1852) 
r»g. 91. 





Mt>dern laras, as they appeared in 1828, descending the precipice called the Salto, 
at the head of the valley of Calanna, and flowing round the hill of that name. 

A. Zocoolaro. called Palto della Qfumenta, and flowinif 

B. Monte di Calanna. through the valley. 

C. Plain at the head of the Valley of 6. Lavas of 1811 and 1819 flowing round tho 

Calanna. hlU of Calanna. 

o. Lava of 1819 descending the preciploo 

had cascaded down the same height and overflowed the plain 
below. The greater part, however, of the same current c, like 



Lava of 1852 cascading down the precipice called Salto della Giumenta. 


«, a. Portions of the fsos of the precipice 
compoeed of rodu Hke those of Zoooolaro and 
Calanna, which have not been concealed by the 
modem lavas. 

6. Lava of 1819 which flowed down and en- 
oinsted the face of tlm pmctpl^ 
h ^ d. Same lava pairing roond the pro- 

montory of Calanna, together with the lava of 


1811 which had followed the oame coarse. 

e. Lava of 1852 which cascaded over the 
preci|flce. 

e'. The same lava overflowing the level plain 
of the valley of Calanna. 

tf*. Same lava flowing roand the promontory 
and covering parts of the older conentt of 
1811 end 1819. 
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itg predecesion of 1811 and 1819, ton^d rotmd the promon- 
torj fonned hjtbe hill of Calanna, and moving rightonwarde 
haa been piled np on the left side of the valley of Calanna so 
as to heighten its boundary wall without flowing down into it. 

Both the lavas of 1819 and 1852 had been Covered origi- 
nally in every part where they congealed on the face of the 
gteep precipice with the usnal scoriaceous cmst. Bat this 
crast, about three feet thick, has been washed off by rain 
at several places, and had exposed to view a solid and con- 
tinuous stony layer below. The rock is somewhat vesicular, 
and contains crystals of felspar, augite, and olivine, with 
some titaniferous iron. As it is inclined at angles of from 
35“ to 50", it affords a striking refutation of the doctrine that 
stony layers can only consolidate on slopes of from 3® to 6®. 

Inclined lava of Cava Orande . — Among other examples 
attesting the erroneousness of the notion just alluded to, I 
may call attention to another cascade of lava the internal 
structure of which is still more clearly exposed to view. On 
the eastern flank of Etna, north of Milo, is a deep and 
narrow gully called the Cava Grande (see Map, fig. 77, p. 1.0), 
which, although usually dry. has been entirely excavated 
through successive beds of ancient lava and scoriae by the 
waters of occasional floods, which cascade over a perpen- 
dicular precipice of a horseshoe form, at the upper end of 
the ravine. The torrent is gradually cutting its way back- 
wards, and thus adding to the length of the narrow valley. 
I witnessed, October 1857, several avalanches of sand and 
stones loosened from the terminal cliff by the heavy rains of 
the preceding day. The boundary walls of the opposite sides 
of the Cava Grande are 220 feet high, in part vertical, in 
part sloping at angles of between 38° and 65°. 

In the year 1689, a lava stream descended from the Val 
del Bove in a direction nearly parallel to the Cava Grande, 
but a portion of its left side was precipitated into the ravine 
in the manner represented at a' a' a' iif figure 93. 

In addition to the retrogressive excavation of the head of 
the ravine caused by the torrent before mentioned, the steep 
boundary precipices are also undergoing constant waste, by 
which means a dear vertical section of the interior structure 
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of ilte eorrent of a is exposed to view as shown in the 
dia^prams, figs 98 and 94. It is evident that when the teva 



Highly inclined lava of Cava Grande. From a sketch made October 1857. 

а, a. MrId etroam of lava of 1689 flowing feet thick, Inclined at an angle of 35® and at 

eastward. lt« upper extremity at 47®. 

o', a'. Branch of the aame lava cascading d. Hooriacoons beds forming the biise of the 
northwoitls Into the ravine callwl the Cava stream o', of, and underlying the stony layer c. 
Orondo, with a mean inclination of 85®. e,/. Cliff oontaining 10 ancient lava currents 

б. Section of upper or BCoriaoeouB port of the of Etna, appearing horizontal, but btdng In 

curwmt, 6 feet thick. fact Inclined at 7® to the east, or towards the 

c, c. Solid layer of stony lava from 2^ to 5 sea. 


reached the edge of the precipice, fragments of the solid 
crust with much loose scoria: first rolled down, producing a 
talus by which the general slope of the cliff was reduced to 



Supposed north and eouth section of the rocks at the Cava Grande near the head 

of the rarine. 


a. Lava of 1689 with lofty paiaUel east and 
woBtridgea. 


5, c, d, e, /. Same as In fig. 93. 
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an angle td between 30** and 35**. Near the top, however, at 
e, part of tiie lava consolidated It an angle of 47% the stony 
layer e being there only 2^ feet thick, whereas it has twice 
that thickness wh^ it is less inclined (viz. at 35% below. 
The rock formed on this steep slope is as compact as our 
ordinary ancient trap-rocks, and has the same specific 
gravity as commonly belongs to them. It contains crystals 
of felspar, and a small quantity of olivine. It is divided by 
a few joints at right angles to the cooling surfaces. 

Flood of 1755 in the Val del Bove . — Before I allude to the 
action of running water in excavating i-avines on the flanks 
of Etna, it may be well to mention the only instance on 
record of a great body of water having passed from the 
higher region of the mountain through the Val del Bove. 
This occurred in the year 1755. An eruption had taken 
place at the summit of the volcano, in the month of March, 
a season when the top of the mountain was covered with 
snow. The Canon Eecupero, a good observer, and a man of 
great sagacity, was commissioned by Charles of Bourbon, 
king of Naples, to report on the nature ajid cause of the 
catastrophe. He accordingly visited the Val del Bove in the 
month of June, three months after the event, and found that 
the channel of the recent flood, nearly two miles broad, was 
still strewed over with sand and fragments of rock to the 
depth of 34 feet. 

The volume of water in a length of one mile he estimated 
at 16,000,000 cubic feet, and he says that it ran at the 
rate of a mile in a minute and a half for the first twelve 
miles. At the upper end of the Val del Bove, all the pre- 
existing inequalities of the ground, for a space of two miles 
in length, and one in breadth, were perfectly levelled up and 
made quite even, and the marks of the passage of the flood 
were traceable from thence up the great precipice (or Balzo 
di Trifoglietto), to the Piano del Lago, or highest platform. 
Eecupero, in his report, maintains idiat if all the snow on 
Etna, which he affirms is never more than four feet deep 
(some chasms we presume excepted), were melted in one 
instant, which no current of lava could accomplish, it would 
not have supplied such a volume of water. He came therefore 
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to tomeirhat starring eoaclosioo, that the water waa 
Toi^ted forth bjr the crater itself, and was driren out from 
some resenroir in the interior of the mountain.* 

It seems to me very unlikely that the Canon, who was on 
the ground within three months of the date of the catas- 
trophe, could bare been mistaken in regard to the region 
whence the waters came. His conclusions on that head seem 
to have been legitimately deduced from the fact that the 
wreck of the inundation was traceable continuously from the 
sea-shore at Biposto up to the highest cone or its immediate 
neighbourhood. I am, therefore, inclined to suspect that at 
the time of the eruption of 1755 there was upon the summit 
of Etna, not only the winter’s snow of that year, but many 
older layers of ice alternating with volcanic sand and lava, 
at the foot or in the flanks of the cone, which were suddenly 
melted by the permeation through them of hot vapours, and 
the injection into them of melted matter. 

Olacier preserved by a covering of lava . — I stated in 1828,t 
that I ascertained the fact of the existence of a glacier under 
lava near the Casa Inglese, on the S.E. side of the highest 
cone, and that it had been quarried during the previous 
summer, affording a supply of ice to the Catanians, at the 
close of an unusually hot season. On returning thirty years 
afterwards (September 1868), I found the same mass of ice, 
of unknown extent and thickness, still unmelted. It had 
been quarried only five years before, to the depth of four feet, 
on the very same spot. My guide told me that he had seen 
this mass of solid ice, the bottom of which they did not 
reach, and that it was overlaid by ten feet of sand, and the 
sand again by lava. 

Signor Mario Gemmellaro had satisfied himself in 1828 
that nothing but the subsequent flowing of the lava over the 
snow could account for the position of the glacier. We may 
suppose that, at the commencement of the eruption, a deep 
mass of drift snow had been covered by volcanic sand 
showered down upon it before the descent of the lava. A 
dense stratum of this fine dust mixed with scorim is well 

* Becupero, Storia dell’ Etna, p. 85. 

f Prisciplei of Geology, let edition, p. 869. 
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faaoim to be fta extarerndj bad <»i)diiotor of beat ; and the 
ebq^ierds in ^e bigber regionS of Etna are aoonetomed to 
provide vrater for tbeir flocks dozing snmmer, bj strewing a 
layer of volcanic sand a few inches thick over the snow, 
which effectually prevents the heat of the sun from pene- 
trating. 

Suppose the mass of snow to have been preserved fiom 
lique&otion until the lower part of the lava had consolidated, 
we may then readily conceive that a glacier thus protected, 
at the height of 10,000 feet above the level of the sea, 
would endure as long as the snows of Mont Blanc, unless 
melted by volcanic heat from below. When I first visited 
the summit of the highest cone in the beginning of winter 
(December Ist, 1828), I found the crevices in the interior 
encrusted with thick ice, and in some cases hot vapours were 
actually streaming out between masses of ice and the rugged 
and steep walls of the crater. Paradoxical, therefore, as it 
may appear, we cannot doubt that a great mass of ice was 
preserved from melting, by the singular accident of a current 
of lava flowing over it. 

If, then, glaciers may endure for a series of years under 
volcanic sand and lava, the store of water which Recupero 
speculated upon as contained somewhere in the interior of 
the mountain, seems sufiiciently accounted for. I am also 
now disposed to attach more importance than when I first 
wrote on this subject, to the tales of the mountaineers, which 
Recupero thought worth recording. They related to him 
that the water was boiling, that it was as salt as the sea, and 
that it brought down with it sea-shells to the coast. Now it 
will be seen that the hypothesis above suggested would very 
naturally account for the water being hot, and it may have 
been impregnated with saline matter exhaled from fumeroles 
on the sides of the Qone or from the crater itself during the 
eruption, and these exhalations, without giving to it the com- 
position of sea- water, may have taken away its freshness. A.S 
to the story of the marine shells, if the flood, after issuing 
from the Val del Bove, cut deeply through the superficial 
lava or the alluvium between Milo and Giarre, it may have 
reached some of the beds of the subjacent Newer Pliocene 
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fy at the height of lyOOO ot 1,^)0 ihet above the eea, 
waehiag oat of it fosail sheila of living species strong enough 
to bear transportation as far as Bfposto. 

Aneieid valley$ of Etna . — ^The action of volcanos is, as we 
have alreadj seen, characteristically intermittent even when 
they are in a phase of frequent eruption ; but we have good 
reason to believe that if their history could be known for 
thousands of years, we should find that there are very long 
periods, during which they lie dormant, and then have their 
fires resuscitated. From Junghuhn’s account of the numerous 
cones of Java, it appears that these volcanos are subject to 
protracted periods of inaction, during which valleys, deepen* 
ing as they descend, are eroded bj' running water on ail their 
sides ; at length a paroxysmal outburst occurs, by which part 
of the cone is destroyed, and then lavas again pour out from 
time to time. Mr. Dana, in his account of the great cones 
of the Sandwich Islands, states that the comparative length 
of the periods during which any one of them has been at 
rest may be estimated by the depth and size of the valleys 
which farrow their sides ; but the time which such denuda- 
tion may have occupied has often been so vast that we cannot 
attempt, with our present knowledge, to form any conjecture 
as to its duration. 

From what was said of Vesuvius in the last chapter, the 
reader is aware that until the year 79 of our era, it had 
all the characters of an extinct volcano. The only part of 
the exterior of the ancient cone which still retains that 
physiognomy by which the whole of it must have been cha- 
racterised before the renewal of its volcanic activity, is the 
northern side, scarcely ever visited by travellers, and which 
we have described as being intersected by numerous deep 
ravines, radiating as from a central axis towards aU points of 
the compass. On ascending several of these ravines, we have 
seen that they terminate abruptly in perpendicular precipices 
from 60 to 800 feet in height, where in the rainy season 
there are waterfalls.* Above the head of such precipices 
shallow valleys continue upwards to the crest of the boundary 
wall of the Atrio del Cavallo, and no doubt were once con- 

* See VoL L p. 635. 
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tanned to near tbe ennimit of tiie old cone of Somraa, before 
that mountain was troncatedfin the year 79. 

In like manner I conceive that, long before tbe historical 
era, Mount Etna may have been furrowed on all sides by 
valleys daring a long interval of comparative rest, or, perhaps, 
a total suspension of eruptions. 

The vast deposits of alluvial matter, more than 100 feet 
thick, which are seen along the coast eastward of the Val del 
Bove, between Giarre and Mangano, and which may some- 
times be traced up to the height of 400 feet, attest the 
enormous amount of erosion which the eastern flanks of 
Etna have undergone at a remote period. 

At length one or more paroxysmal outbreaks, to which the 
Val del Bove may have owed its origin, ushered in a period 
of renewed activity to which the lateral cones are principally 
due. The lavas pouring out successively on the northern, 
western, and southern flanks obliterated all the ancient 
valleys on those three sides, and would have done the same 
on the eastern flank of the cone had they not been inter- 
cepted in their course by that huge chasm, the Val del Bove, 
which they have alreiidy, in great part, filled up. Three 
valleys or ravines, which have escaped oblitemtion, deserve 
notice as bearing the same relation to the margin of the Val 
del Bove which the valleys on the north of Vesuvius (those of 
the Casa dell’ Acqua and others, described at page 035, 
Vol. I.) bear to the Atrio del Cavallo. These three valleys 
on the south-east side of Etna are the Valle del Tripodo, the 
Valle dei Zappini, and the Valle di Calanna, the position of 
which will be seen in the Map, fig. 77, p. 10. The first of them, 
the Valle del Tripodo, although not difiScult of access from 
Zafarana, is scarcely ever visited by travellers. It is a beau- 
tiful, wooded, Alpine ravine down which a torrent flows. On 
reaching the head of this ravine, or the col which divides it 
from the Val del Bove, a truly splendid view is obtained of 
all the grand features of that vast am^itheatre before de- 
scribed. Although the col is no less than 7,000 feet high 
above the level of the sea, it forms the lowest part of a 
deep notch in the southern escarpment of the Val del Bove 
or the Sierra del Solfizio. (See Map, fig. 77.) Tbe depth of the 
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ga^ /must be great, as it enables an observer, looldng at Etna 
firoat a vessel at sea off Act CasteUo, to get a view of the Val 
del Bove through the opening. This notch is a section of a 
ravine of denudation once continuous with the Valle del 
Tripodo, which farrowed the old cone before the Val del 
Bore was formed. 

The second valley, called ‘ dei Zappini,’ runs parallel to the 
former, and is similar in its geological features, though less 
grand. The torrents that drain both of them are swallowed 
up at their lower end in the holes and grottoes of the great 
lava current of 1792, which, flowing down from a different 
and higher part of Etna, crossed the channels of these 
torrents and blocked up the ravines in which they flow. 

The third valley, that of Calanna before alluded to, is the 
most interesting, because at its upper end we find the preci- 
pice before described, figs. 91 and 92, p. 34, over which the 
modern lavas of 1819 and 18o2 have cascaded. There can 
be no doubt that this precipice, the Salto della Giumenta, was 
the site of a waterfall when a river flowed down from the 
ancient cone, before the origin of the Val del Bove. The 
space between the hills of Zoccolaro and Calanna indicates 
the place of the upper valle)', while the Salto was formed by 
the river cutting its way backwards after the manner of the 
stream in the Cava Grande before described, p. 35, or of the 
retrograding torrents of Vesuvius, or, to compare small things 
with great, the river Niagara at its falls. 

If Vesuvius continues to be as active as it has been for the 
last eighteen centuries, its lavas may one day top the crest 
of the Atrio and cascade over the precipices at the head of 
the Casa dell’ Acqua and the Fosso di Cancharoni, in the same 
way as the Etnean streams of 1819 and 1852 have cascaded 
down the Salto della Giumenta. 

AnUquiity of the cone of Etna . — It was before remarked (Vol. 
I., p. 89) that confined notions in regard to the quantity of 
past time have tended, more than any other prepossessions, 
to retard the progress of sound theoretical views in geology ; 
the inadequacy of our conceptions of the earth’s antiquity 
having cramp^ the fireedom of our speculations in this 
science, very much in the same way as a belief in the exist- 
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«noe of & vaulted firmau^at once retarded the progress of 
astronom jr. It was not irnttf Desoartes assomed the indefinite 
extent of the celestial spaces, and removed the supposed 
bonndaties of the universe, that just opinions began to be 
entertained of the relative distances of the heavenly bodies ; 
and until we habituate ourselves to contemplate the possi- 
bility of an indefinite lapse of ages having been comprised 
within each of the modern periods of the earth’s history, we 
shall be in danger of forming most erroneous and partial 
views in geology. 

If history had bequeathed to us a faithful record of the 
eruptions of Etna, and 100 other of the principal active 
volcanos of the globe, during the last 3,000 years, — if we had 
an exact account of the volume, of lava and matter ejected 
during that period, and the times of their production, — we 
might, perhaps, be able to form a correct estimate of the 
average rate of the growth of a volcanic cone. For we might 
thus obtain a mean result by the comparison of the eruptions 
of so great a number of vents, however irregular might be 
the development of the igneous action in any one of them, 
if contemplated singly during a brief period. 

It would be necessary to balance protracted periods of 
inaction against the occasional outburst of paroxysmal ex- 
plosions. Sometimes we should have evidence of a repose of 
sixteen centuries, like that which was interposed in Ischia, 
between the end of the fourth century b.c. and the beginning 
of the fourteenth century of our era.* Occasionally a tre- 
mendous eruption like that of Jorullo or that of Papandayang 
and others alluded to at page 11, would be recorded, giving 
rise at once to a new mountain, pr to the truncation of an 
ancient cone, or to some vast lateral cavity like the Val del 
Bove. But the comparative rarity of such catastrophes 
exalts our conception of the great duration of the intervals 
of rest which occur between eras of paroxysmal violence. 

If we desire to approximate to the*age of Etna, we ought 
first to obtain some data in regard to the thickness of matter 
which has been added during the historical era, and then 
endeavour to estimate the time required for the accumulation 

* See Vol. I. p. SOS. 
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of taoh alternating laraa and beda of aand and acorite sa axe 
eaperimpoaed upon each other in the Yal del Bore ; ailer- 
warda we ahonld try to deduce, from obaervationa on other 
Tolcanoa, the more or leaa rapid increaae of burning moun> 
tains in all the different stages of their growth. 

Although it is possible that some of the ancient eruptions 
of which the products are seen in the walls of the Yal del 
Bore were on as grand a scale as those of our own time or 
even grander, yet we should in vain seek for evidence that 
any one of those ancient currents equalled in volume the 
lavas of 1669 or those of 1852. 

There is a considerable analogy between the mode of in- 
crease of a volcanic cone and that of trees of exogenous growth. 
These trees augment, both in height and diameter, by the 
successive application externally of cone upon cone of new 
ligneous matter; so that if we make a transverse section 
near the base of the trunk, we intersect a much greater 
number of layers than nearer to the summit. When branches 
occasionally shoot out from the trunk, they first pierce the 
bark, and then, after growing to a certain size, if they 
chance to be broken off, they may become inclosed in the 
body of the tree, as it augments in size, forming knots in 
the wood, which are themselves composed of layers of ligneous 
matter, cone within cone. 

In like manner, a volcanic mountain consists, as we have 
seen, of a succession of conical masses enveloping others, 
while lateral cones, having a similar internal structure, often 
project in the first instance, like brandies from the surface 
of the main cone, a nd then becoming buried again, are hidden 
like the knots of a tree. 

We can ascertain the age of an oak or pine by counting 
the number of concentric rings of annual growth seen in a 
transverse section near the base, so that we may know the 
date at which the seedling began to vegetate. The Baobab- 
tree of Senegal {Adansonia digitata) is supposed to exceed 
almost any other in longevity. Adanson infen-ed that one 
which he measured, and found to be thirty feet in diameter, 
had attained the age of 5,150 years. Having made an 
incision to a certain depth, he first counted 300 rings 
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of ftn-riTifll growtiii, and observed nhat thiokiiese the 
bad gained in that periodf The average rate of grovrtb of 
younger trees, of the same species, was then ascertained, and 
the escalation made according to a supposed mean rate of 
increase. De Candolle considers it not improbable that the 
celebrated Taxodium of Chapnltepec, in Mexico {Cuprethu 
dieticha, Linn.), which is 117 feet in circumference, may be 
more aged. 

" It is, however, impossible, until more data are collected 
respecting the average intensity of the volcanic action, to 
make anything like an approximation to the age of a cone 
like Etna ; because, in this case, each successive envelo 2 )e of 
lava and scori® is not of simultaneous growth rouud the 
mountain, like the layers of wood round a tree, and therefore 
affords us no corresponding and definite measure of time. 
Each conical envelope is made up of a great number of dis* 
tinct lava currents and showers of sand and scori® differing 
in width and depth, and also the results of intermittent 
action exceedingly variable as to intensity and frequency of 
recurrence. Yet we cannot fail to form the most exalted 
conception of the antiquity of this mountain, when we con- 
sider that its base is about 90 miles in circumference ; so 
that it would require 90 flows of lava, each a mile in breadth 
at its termination, to raise the present foot of the volcano 
as much as the average height of one lava current. 

The injection of several thousand dikes into the mass of 
matter previously accumulated, is more comparable, as M. E. 
de Beaumont has hinted, to the endogenous growth of a tree, 
implying the stretching outwards and perhaps upwards also 
of the mountain. But observations within the historical era 
are too imperfect to enable us to decide whether the moun- 
tain has gained or lost in altitude at those periods when new 
fissures have been formed and filled. 

Of the 80 most conspicuous minor cones which adorn the 
flanks of Etna, only one of the largest, Monti Kossi, has been 
produced within the times of authentic history. Even this 
hill, thrown up in the year 1669, although 460 feet in height, 
only ranks as a cone of second magnitude. Monte Minardo, 
near Bronte, rises, even now, to the height of 760 feet, 
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its original base has been elevated bj more modem' 
lavas and ejections. It mast also be remembered, that of the 
small number of lava streams which are ponred forth in a 
eentory, one only is estimated to issne from the summit of 
Etna for every two that proceed from the sides. Nor do all 
the lateral eruptions give rise to such hills as would be 
reckoned amongst the 200 lateral cones before alluded to, 
p. 2, as laid down in Waltershausen’s map. Some of them 
produce merely Insignificant monticules, which are soon after 
overwhelmed by showers of ashes proceeding from higher 
vents. 

How many years, then, must we not suppose to have been 
expended in the formation of all the minor cones ? If we 
could strip off from Etna the whole of those now visible, 
together with the lavas and scoriae that have been poured out 
from them, and from the highest crater, during the period 
of their growth, the diminution of the entire mass would be 
extremely slight ; Etna might lose, perhaps, several miles in 
diameter at its base, but the aspect of the woody region 
would not be essentially changed, because other minor cones, 
now concealed, would be recalled as it were into existence by 
the removal of the lava and ejected matter under which they 
now lie buried. As to the height of the mountain during 
the early stages of the phase of lateral eruptions, it may have 
been much greater before its summit was truncated than it 
is now, even if we make allowance for a slight accession of 
height due to the gradual upheaval of the whole mass above 
the level of the sea, as testified by the raised beaches on the 
coast before described. 

To attempt to estimate the number of centuries which have 
elapsed since the first submarine eruptions began would be 
idle, because there may have been periods of tranquillity 
such as that in which the ancient valleys were excavated, 
enduring perhaps for tens of thousands of years, and then 
followed by paroxysmal outbursts like that to which the 
Yal dd Bove may have owed its origin. 

No general deluge can have occurred in the forest zone of 
Etna since the lateral cones were thrown up. For few, if 
any, of these heaps of loose scorise could fail to have been 
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swept awaj by a great flood, and any remaining would bare 
ejdiibited some signs of its denuding action. To some, 
perhaps, it may aj^tear that bills of such incoherent materials 
cannot be of veiy great antiquity, because the mere action of 
the atmosphere must, in the course of several thousand years, 
have obliterated their original forms. But there is no 
weight in this objection; for although the steep slopes of 
Monti Bossi, being still bare and composed in great part of 
light scoriae and fine volcanic sand, have been acted upon both 
by wind and rain within the memory of persons now living, 
yet the older hills have been protected from waste ever since 
they have been covered with trees and herbage. Even before 
dense vegetation has been established, such is the porosity 
of their component materials, that almost all the rain which 
falls upon them is instantly absorbed ; and for the same 
reason that the rivers on Etna have subterranean courses, 
there are no rills descending the sides of the minor cones. 

In conclusion, I may remind the reader that, however vast 
may be the lapse of ages which we require for the growth of 
a mountain like Etna, there has been ample tinm for its pas- 
sage through every phase of its development. Its foundations 
were laid in the sea, in the Newer Pliocene period — that sea 
in which the shells of Aci Gastello and Trezza flourished. 
We have seen, at p. 6, that the events of the Glacial period, 
though they may have occupied several hundred thousand 
years, do not reach back to an era when the assemblage of 
marine testacea differed as much as those of Aci Gastello 
and Trezza differ from the fauna now characterising the 
neighbouring parts of the Mediterranean. 
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CHAPTER XXVII. 

VOLCANIC EECPTION8 — concluded. 

VM.CAyiC BRUPTHIN IW ICrXAKD Ilf 1783 — WKW 18I.A!«1> THROWN TP— LATA 
CCRRIWCTS OF BKAPTAB lOKTJL, IK 8AMK YEAR— THHIH 1KMRN8B VOLtniB — 
KKUPTIOK OK JOKTJLLO IK MKXICO — MOMBOLDT’s THKXHIY OF THE CONVEXITY 
OF THK PLAIN OF UAJ^PAtH — KRtJPTION OF OA1.<)NOOOK IN JAVA— KUlJMAJtlNE 
VOIX'AKOS — ORAHAM LHIANT), IN 1831 — VOLCANIC AKCHIPELAOOS— 

8VBMARIKK ERUPTIONS IK MIIl-ATI-ANTIC — THK CANAHIKS — COKBS THROWN UP 
IK I-AKCKROTl, 1 7S0~36 — SAKTOKIK AND ITS VOLCANIC ERUPTIONS — BARREN 
ISLAND IK THE BAY OF BENGAL— MUD VOLCANOS — MINERAL C(»MPOSITION OF 
VOLCANIC PRODUCTS. 

YohCANlc ERUPTioxs JN IcELANV . — ^With the exception of 
Etna and Vesuvius, the most complete chronological records 
of a series of eruptions are those of Iceland, for their history 
reaches as far back as the ninth century of our era ; and 
from the beginning of the twelfth century, there is clear 
evidence that, during the whole period, there has never been 
an interval of more than forty, and very rarely one of twenty 
years, without either an eruption or- a great earthquake. So 
intense is the energy of the volcanic action in this region, 
that some eruptions of Heel a have lasted six years without 
ceasing. Earthquakes have often shaken the whole island 
at once, causing great changes in the interior, such as the 
sinking down of hills, the rending of mountains, the desertion 
by rivers of their channels, and the appearance of new lakes.* 
New islands have often been thrown up near the coast, some 
of which still exist ; while others have disappeared, either by 
subsidences or the action of the waves. 

In the interval between eruptions, innumerable hot springs 
afford vent to the subterranean heat, and solfataras discharge 
copious streams of inflammable matter. The volcanos in 
different parts of this island are observed, like those of the 
♦ Von Hoff, voL ii. p. 398. 
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serving for a time as a 8dfet]r«-valve to the rest. Many cones 
are often thrown np in one eruption, and in this case they 
take a linear direction, running generally from north-east to 
south-west from the north-eastern part of the island, where 
the volcano Krabla lies, to the promontory Beykianas* 

Great eruption of Skaptdr Jokul in 1 783 . — New ieland thrown 
tip.— The convulsions of the year 1783 appear to have been 
more tremendous than any recorded in the modern aixnals of 
Iceland ; and the original Danish narrative of the catastrophe, 
drawn up in great detail, has since been substantiated by 
several English travellers, particularly in regard to the pro- 
digious extent of country laid waste, and the volume of lava 
produced.* About a month previous to the eruption of 
Skaptdr Jokul on the mainland, presently to be mentioned, a 
submarine volcano burst forth in the sea in lat. 68® 25' N., 
long. 23® 44' W., at a distance of 30 miles in a south-west 
direction from Cape Reykianas, and ejected so much pumice 
that the ocean was covered with that substance to the dis- 
tance of 150 miles, and ships were considerably impeded in 
their course. A new island was formed, from which fire, 
smoke, and pumice were emitted at different points. This 
island was claimed by his Danish Majesty, who denominated 
it Nyoe, or the New Island ; but before a year had elapsed 
the sea resumed its ancient domain, and nothing was left but 
a reef of rocks from 5 to 30 fathoms under water. 

Earthquakes which had long been felt in Iceland, became 
violent on June 11, 1783, when Skaptar Jokul, distant nearly 
200 miles from Nyoe, threw out a torrent of lava which 
flowed down into the Skaptd, and completely dried it up. 
The channel of the river was between high rocks, in many 
places from 400 to 600 feet in depth, and near 200 in breadth. 

* The first narrative of the eruption and length of the lava currentft, by re- 
was drawn up by Stephenson, then Chief feronce to the MS. of Mr. Paulson, who 
Justice in Iceland, appointed coiiimis< visited the t^act in 1794, and examined 
sioner by the King of Denmark for the lava with attention. (Journal of a 
estimating the damage done to the Residenceinlceland,&c., p. 229.) Borne 
country, that relief might be afforded to of the principal facts are also oorro- 
the sufferers. Henderson was enabled borated by Sir William Hooker, in hie 
to correct some of the measnrements ‘Tour in Iceland,* vol. ii. p. 12S. 
given byStepheii 0 on,of the depth, widUi, 
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Not only did the lava fill ap this great defile to the brink, 
but it overflowed the adjacent fields to a considerable extent. 
The bnming flood, on issning from the confined rocky gorge, 
was then arrested for some time by a deep lake, which for- 
merly existed in the course of the river, between Skaptardal 
and Aa, which it entirely filled. The current then advanced 
again, and reaching some ancient lava full of subterraneous 
caverns, some of them apparently filled with water, melted 
parts of the rock and blew up others, throwing large frag- 
ments to the height of 150 feet into the air. On June 18, 
another ejection of liquid lava rushed from the volcano, which 
flowed down with amazing velocity over the surface of the 
first stream. By the damming up of the mouths of some of 
the tributaries of the Skapt4, many villages were completely 
overflowed with water, and thus great destruction of property 
was caused. The lava, after flowing for several days, was 
precipitated down a tremendous cataract called Stapafoss, 
where it filled a profound abyss, which that great waterfall 
had been hollowing out for ages, and after this, the fiery 
current again continued its course. 

On August 3, fresh floods of lava still pouring from the 
volcano, a new branch was sent off in a different direction ; 
for the channel of the Skaptli was now so entirely choked up, 
and every opening to the west and north was so ot)structed, 
that the melted matter was forced to take a new course, so 
that it ran in a south-east direction, and discharged itself 
into the bed of the river Hverfisfiiot, where a scene of de- 
struction scarcely inferior to the former was occasioned. 
These Icelandic lavas (like the ancient streams which are 
met with in Auvergne, and other provinces of Central 
France) are stated by Stephenson to have accumulated to 
a prodigious depth in narrow rocky gorges ; but when 
they came to wide alluvial plains, they spread themselves 
out into broad burning lakes, sometimes from 12 to 15 
miles wide, and 100 feet deep. When the ‘fiery lake’ 
which filled up the lower portion of the valley of the Skaptd 
had been augmented by new supplies, the lava flowed up 
the course of the river to the foot of the hiUs from whence 
the Skapti takes its rise. This affords a parallel case to one 



Ge. xxmj nOOERSE VOLGHS of the lATi. 


51 


which can be diown to hare happoied at a remote era in the 
volcanic region of the Vivarais in France, where lava usned 
from the cone of Thneyts, and while one branch ran down, 
another more powerful stream flowed up, the channel of the 
river Arddche. 

The sides of the valley of the Skaptfi. present superb ranges 
of basaltic columns of older lavas, resembling those which 
are laid open in the valleys descending from Mont Dor in 
Auvei^e, where more modem lava currents, on a scale very 
inferior in magnitude to those of Iceland, have also usurped 
the beds of the existing rivers. The eruption of Skaptdr 
Jokul did not entirely cease till the end of two years ; and 
when Mr. Paulson visited the tract eleven years afterwards, 
in 1 794, he found columns of smoke (or vapour) still rising 
from parts of the lava, and several rents filled with hot 
water.* 

Although the population of Iceland was very much scattered, 
and did not exceed 50,000, no less than twenty villages were 
destroyed, besides those inundated by water ; and more than 
9,000 human beings perished, together with an immense 
number of cattle, partly by the depredations of the lava, 
partly by the noxious vapours which impregnated the air, 
and, in part, by the famine caused by showers of ashes 
throughout the island, and the desertion of the coasts by 
the fish. 

Immense volume of the lava . — But the extraordinary volume 
of melted matter produced in this eruption deserves the 
particular attention of the geologist. Of the two branches, 
which flowed in nearly opposite directions, the greater was 
50, and the lesser 45 miles in length. The extreme breadth 
which the Skaptd branch attained in the low countries 
was from 12 to 15 miles, that of the other about 7. The 
ordinary height of both currents was 100 feet, but in narrow 
defiles it sometimes amounted to 600. Professor Bischoff 
has calculated, that the mass of lavd brought up from 
the subterranean regions by this single eruption ‘surpassed 
in magnitude the bulk of Mont Blanc.’ f But a more 

* Henderson’s Journal, &c., p, 228, 

t Jameson’s PhiL Joum. toL xstI. p. 291. 
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diitiad; Idea will be formed of ^ dimenaione of the two 
etreams, if we consider how striking a feature thej would 
now form in the geology of England, had they been poured 
out on the bottom of the sea after the depontion, and before 
the eleration of our secondary and tertiary rocks. The 
same causes which hare ezcarated Talleys through parts of 
our marine strata, once continuous, might have acted with 
equal force on the igneous rocks, leaving, at the same time, 
a sufficient portion undestroyed to enable us to discover 
their former extent. Let us, then, imagine the termination 
of the 8kapt4 branch of lava to rest on the escarpment of the 
inferior and middle oolite, where it commands the vale of 
Gloucester. The great platform might be 100 feet thick, 
and from 10 to 16 miles broad, exceeding any which can be 
found in Central France. We may also suppose great tabular 
masses to occur at intervals, capping the summit of the Cots- 
wold Hills between Gloucester and Oxford, by Northleach, 
Burford, and other towns. The wide valley of the Oxford clay 
would then occasion an interruption for many miles ; but the 
same rocks might recur on the summits of Cumnor and Shot- 
over Hills, and all the other oolitic eminences of that district. 
On the chalk of Berkshire, other tabular masses, 6 or 7 miles 
wide, might again be found; and, lastly, crowning the 
highest sands of Highgate and Hampstead, we might behold 
some remnants of the current 600 or 600 feet in thickness, 
causing those hills to rival, or even to surpass, in height, 
Salisbury Craigs and Arthur’s Sent. 

The distance between the extreme points here indicated 
would not exceed 90 miles in a direct line ; and we might 
then add, at the distance of nearly 200 miles from London, 
along the coast of Dorsetshire and Devonshire, for example, 
a great mass of igneous rocks, to represent the submarine 
reef of the island of Nyoe. An eminent French writer 
declared in 1829 that all geological phenomena took place 
in ancient times on a scale of magnitude a hundredfold 
greater than those which are witnessed in our days, but it 
would be difficult to point out a mass of igneous rock of 
ancient date (distinctly referable to a single eruption) which 
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would even rival in i^ltune the matter poioed out firom 
Skaptdr Joknl in 1788. 

Eruption of JoruMo in 1759. — As another example of the 
stupendous scale of modem volcanic eruptions, I may mention 
that of Jornllo in Mexico, in 1759. The great region to which 
this mountain belongs has already been described. The plain 
of Malpais forms part of an elevated platform, between 2,000 
and 3,000 feet above the level of the sea, and is bounded by 
hills composed of basalt, trachyte, and volcanic tuff, clearly 
indicating that the country had previously, though probably 
at a remote period, been the theatre of igneous action. From 
the era of the discovery of the New World to the middle of 
the last century, the district had remained undisturbed, and 
the space, now the site of the vol<mno, which is 36 leagues 
distant from the nearest sea, was occupied by fertile fields 
of sugar-cane and indigo, and watered by the two brooks 
Cuitimba and San Pedro. In the month of June, 1759, 
hollow sounds of an alanning nature were heard, and 
earthquakes succeeded each other for two months, until, at 
the end of September, flames issued from the ground, and 
fragments of burning rocks were thrown to prodigious 
heights. Six volcanic cones, composed of scorim and frag- 
mentary lava, were formed on the line of a chasm which ran 
in the direction from N.N.B. to S.S.W. The least of these 
cones was 300 feet in height; and Jorullo, the central 
volcano, was elevated 1 ,600 feet above the level of the plain. 
It sent forth great streams of basaltic lava, containing 
included fragments of granitic rocks, and its ejections did 
not cease till the month of February, 1760.* 

Humboldt visited the country more than forty years alter 
this occurrence, and was informed by the Indians, that when 
they returned, long after the catastrophe, to the plain, they 
found the ground uninhabitable from the excessive heat. 
When he himself visited the place, there appeared, around the 
base of the cones, and spreading from them, as from a centre, 
over an extent of four square miles, a mass of matter of a 
convex iorm, about 550 feet high at its junction with the cones, 
• Banbenjr on Volcano*, p. 337. 
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and gradttalty sloping from them iUi all dixeetions towards the 
plain. This mass was still in a heated state, the tempera- 
ture in the fissures being on the decrease from year to year, 
but in 1780 it was still sufficient to light a cigar at the depth 
of a few inches. On this slightly convex protuberance, the 
slope of which must form an angle of about 6® with the 
horizon, were thousands of fiattish conical mounds, from 
6 to 9 feet high, which, as well as large fissures traversing 
the plain, acted as fumeroles, giving out clouds of sulphurous 
acid and hot aqueous vapour. The two small rivers before 
mentioned disappeared during the eruption, losing themselves 

Fig. 95. 


a 



a. Bummlt of JoruUo. «. Inclined plane «lop{ng at an angle of 6® from the base of the oonos. 


below the eastern extremity of the plain, and reappearing as 
hot springs at its western limit. 

Cause of the convexity of the lilain of Malpais . — Humboldt 
attributed the convexity of the plain to inflation from below ; 
supposing the ground, for four square miles in extent, to 
have risen up in the shape of a bladder to the elevation of 
550 feet above the plain in the highest part. But Mr. Scrope 
has suggested that the phenomena may be accounted for far 
more naturally by supposing that lava, flowing simultaneously 
from the different orifices and principally from Jorullo, formed, 
by the overflow of one sheet or stream upon another, a thick 
bed of imperfectly liquid basaltic lava, which acquired great 
thickness about its source, gradually thinning off towards the 
outer limits of the elliptical area which it covered, and thus 
producing a convex surface. Fresh supplies were probably 
emitted successively during the course of an eruption which 
lasted more than half a year ; and some of these, resting on 
those first emitted, might only spread to a small distance 
from the foot of the cone, where they would necessarily 
accumulate to a great height. The average slope of the 
great dome-shaped volcanos of the Sandwich Islands, formed 
almost exclusively of lava, with scarce any scoriae, is between 
6° 30' and 7® 46', so that the inclination of the convex mnaa 
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aronnd JornUo, if adopt Mr. Sorope’s explan&tioii (see 
fig. 95), is qnite in acoordance with the known laws which 
gorem the flow of lava. 

The showers, also, of loose and pnlTemlent matter from the 
But craters, and principally from Jomllo, would be composed 
of heavier and more bulky particles near the cones, and 
would raise the ground at their base, where, mixing with 
rain, they might have given rise to the stratum of black clay, 
which is described as covering the lava. The small conical 
mounds (called ‘ hornitos,’ or little ovens) may resemble those 
five or six small hillocks which existed in 1823 on the 
Vesuvian lava, and sent forth columns of vapour, having been 
produced by the disengagement of elastic fluids heaving up 
small dome-shaped masses of lava. The fissures mentioned 
by Humboldt as of frequent occurrence, are such as might 
naturally accompany the consolnlation of a thick bed of lava, 
contracting as it congeals ; and the disappearance of rivers 
is the usual result of the occupation of the lower part of a 
valley or plain by lava, of which there are many beautiful 
examples in the old lava currents of Auvergne. The heat of 
the ‘ hornitos ’ is stated to have diminished from the first ; 
and Mr, Bullock, who visited the spot many years after 
Humboldt, found the temperature of the hot spring very low, 
a fact which seems clearly to indicate the gradual conge- 
lation of a subjacent bed of lava, which from its immense 
thickness may have been enabled to retain its heat for half a 
century. The reader may be reminded, that when we thus 
suppose the lava near the volcano to have been, together 
with the ejected ashes, more than 500 feet in depth, we 
merely assign a thickness which the current of Skaptar Jokul 
attained in some places in 1783. 

Hollow sound of tlie plain when struck . — Another argument 
adduced in support of the theory of inflation from below, was, 
the hollow sound made by the steps of a horse upon the 
plain ; which, however, proves nothing more than that the 
materials of which the convex mass is compofied are light 
and porous. The sound called ‘ rimbombo ’ by the Italians is 
very commonly returned by made ground when struck sharply ; 
and has been observed not only on the sides of Vesuvius and 
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ofiber Tolcanic cones wliero th^ is & carity below, bat in 
incb regions as the Campagna di Boma, composed in a 
great measure of tuff and porous volcanic rocka The rever- 
beratioD, however, may perhaps be assisted by grottos and 
caverns, for these may be as numerous in the lavas of Jomllo 
as in many of those of Etna ; but their existence would lend 
no countenance to the hypothesis of a great arched cavity, 
four square miles in extent, and in the centre 550 feet 

No recent eruptions of Jomllo . — In a former edition I stated 
that I had been informed by Captain Vetch, that in 1819 a 
tower at Guadalaxara was thrown down by an earthquake, 
and that ashes, supposed to have come from JoruUo, fell at 
the same time at Guanaxuato, a town situated 140 English 
miles from the volcano. But Mr. Burkhardt, a German 
director of mines, who examined Jorullo in 1827, ascertained 
that there had been no eruption there since Humboldt’s visit 
in 1803. He went to the bottom of the crater, and observed a 
slight evolution of sulphurous acid vapours, but the ‘ hornitos ’ 
had entirely ceased to send forth steam. During the twenty* 
four years intervening between his visit and that of Hum- 
boldt, vegetation had made great progress on the flanks of 
the new hills, the rich soil of the surrounding country was 
once more covered with luxuriant crops of sugar-cane and in- 
digo, and there was an abundant growth of natural underwood 
on all the uncultivated tracts.! 

Qalongoon, Java, 1822. — The mountain of Galongoon (or 
Galung Gung) was in 1822 covered by a dense forest, and 
situat^ in a fruitful and thickly-peopled part of Java. 
There was a circular hollow at its summit, but no tradition 
existed of any former eruption. In July, 1822, the waters of 
the river Kunir, one of those which flowed from its flanks, 
became for a time hot and turbid. On the following 8th of 
October a loud explosion was heard, the earth shook, and im- 
mense columns of hot water and boiling mud, mixed with 
burning brimstone, ashes, and lapilli, of the size of nuts, were 
projected from the mountain like a water-spout, with such 

* See Scrppe <m Volcanos, p. 267. 

t Leonhard and Bxonn’s Kenes Jahrbuch, 1835, p. 36. 
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prodigiooa violenoe liuit large qnantitieB Ml beyond the liTer 
Tandoi, whicli is forty miles distant. Every valley within the 
range of this eruption became filled with a bnming torrent, 
and the rivers, swollen with hot water and mud, overflowed 
their banks, and carried away great numbers of the people, 
who were endeavouring to escape, and the bodies of cattle, 
wild beasts, and birds. A space of twenty-four miles be- 
tween the mountain and the river Tandoi was covered to such 
a depth with bluish mud that people were buried in their 
houses, and not a trace of the numerous villages and planta- 
tions throughout that extent was visible. Within this space 
the bodies of those who perished were buried in mud and con- 
cealed, but near the limits of the volcanic action they were 
exposed, and strewed over the ground in great numbers, 
partly boiled and partly burnt. 

It was remarked, that the boiling mud and cinders were 
projected with such violence from the mountain, that while 
many remote villages were utterly destroyed and buried, 
others much nearer the volcano were scarcely injured. 

The first eruption lasted nearly five hours, and on the 
following days the rain fell in torrents, and the rivers, densely 
charged with mud, deluged the country far and wide. At 
the end of four days (October 12th), a second eruption 
occurred more violent than the first, in which hot water and 
mud were again vomited, and great blocks of basalt were 
thrown to the distance of 7 miles from the volcano. 
There was at the same time a violent earthqu%ke, and in 
one account it is stated that the face of the mountain was 
utterly changed, its summit broken down, and one side, 
which had been covered with trees, became an enormous 
gulf in the form of a semicircle. This cavity was about 
midway lietween the summit and the plain, and surrounded 
by steep rocks, said to be newly heaped up during the erup- 
tion. New hills and valleys are said to have been formed, 
and the rivers Banjarang and Wulna ehanged their course, 
and in one night (October 12th) 2,000 persons were killed. 

The first intimation which the inhabitants of Bandong 
received of this calamity, on October 8th, was the news that 
the river Wulna was bearing down into the sea the dead 
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bodies of men, and the carcai^ of Stags^ rhinoceroses, tigers, 
and oth^ animals* The Dutch painter Payen determined 
to travel from thence to the volcano, and he found that the 
quantity of the ashes diminished as he approached the base 
of the mountain. He alludes to the ^tered form of the 
mountain after the 12th, but does not describe the new semi- 
circular gulf on its side. 

The official accounts state that 114 villages were destroyed, 
and above 4,000 persons killed.* 

Submarine volcanos , — Although we have every reason to 
believe that volcanic eruptions as well as earthquakes are 
common in the bed of the sea, it was not to be expected that 
many opportunities would occur to scientific observers of 
witnessing the phenomena. The crews of vessels have some- 
times reported that they have seen in different places sul- 
phurous smoke, flame, jets of water, and steam, rising up 
from the sea, or they have observed the waters greatly dis- 
coloured, and in a state of violent agitation as if boiling. 
New shoals have also been encountered, or a reef of rocks 
just emerging above the surface, where previously there was 
always supposed to have been deep water. On some few 
occasions the gradual formation of an island by submarine 
eruption has been observed, as that of Sabrina, in the jear 
1811, off St. Michael’s in the Azores. The throwing up of 
ashes in that case, and the formation of a cone about 300 
feet in height, with a crater in the centre, closely resembled 
the phenomena usually accompanying a volcanic eruption on 
land. Sabrina was soon washed away by the waves. Pre- 
vious eruptions in the same part of the sea were recorded 
to have happened in 1691 and 1720. The rise of Nyoe, 
also, a small island off the coast of Iceland, in 1783, has 
already been alluded to ; and another volcanic isle was pro- 
duced by an eruption near Eeikiavig, on the same coast, in 
June 1830.t 

Oraham Island^X 1831. — We have still more recent and 

* Van der Boon Mesch» do Incendiis t Journ. de G^l, tome i. 

Montium Javae, &c, Lngd, Bat 1826 ; t a former edition, I selected the 
and Official Report of the President name of Sciacca out of seven which had 
Baron Van der Capellan ; also, Von been proposed ; but the Royal and 
Buch, Isles Canar., p. 42i. Geographical Societies have now adopted 
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miiinte mformatioiT respecting the appearance, in 1831, of 
a new voloinio island in the Mediterranean, between the 
S.W. coaet of Sioilj and that projecting part of the African 
coast where ancient Carthage stood. The site of the island 
was not any part of the great shoal, or bank, called ‘ Nerita,* 
as was first asserted, but a spot where Captain (Admiral) 
W. H. Smyth had found, in his survey a few years before, a 
depth of more than 100 fathoms’ water.* 

The position of the island (lat. 37“ 1' 30" N., long. 12° 42^ 
15" E.) was about 30 miles S.W. of Sciacca, in Sicily, and 
33 miles N.E. of the Island of Pantellaria.f On June 
28, about a fortnight before the eruption was visible, Sir 

Fig. 96. 



Form of the cliflfs of Graham Island, as seen from S.S.E., distant one mile, 

7th August, 1831.J 

Pulteney Malcolm, in passing over the spot in his ship, felt 
the shocks of an earthquake, as if he had struck on a sand- 
bank ; and the same shocks were felt on the west coast of 
Sicily, in a direction from S.W. to N.E. About July 10, 
John Corrao, the captain of a Sicilian vessel, reported that, 
as he passed near the place, he saw a column of water like 
a water-spout 60 feet high, and 800 yards in circumference, 
rising from the sea, and soon afterwards a dense steam in its 
place, which ascended to the height of 1,800 feet. The 
same Corrao, on his return from Girgenti, on July 18, found 
a small island, 12 feet high, with a crater in its centre, ejecting 

Graham Island ; a name given by Capt. scarcely ever been outdone even in the 
Senhouse, R.N., the first who succeeded annals of zoology and Ix^hiny. 
in landing on it. The seven rival * Phil.^rans. 1832, p. 255. 
names are Nerita, Ferdinanda, Hotham, t Joum. of Roy. Goograph. Soc. 
Graham, Corrao, Sciaoca, Jnlia. As 1830-31. 

the isle was visible for only about three % Phil. Trans., part ii., 1832, reduced 
months, this is an instance of a wanton from drawings by Captain Wodebouse, 
multiplica.tion of synonyms which has R.N. 
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volcKnie matto*, and immense columns of raponr; the 
arotmd being covered with floating cinders and dead fish. 
The scorue were of a chocolate colonr, and the water which 
boiled in the circular basin was of a dingy red. The eruption 


Fig. 97. 



View of the interior of Graham Island, 29th Sept. 1831. 

continued with great violence to the end of the same month ; 
at which time the island was visited by several persons, and 
among others by Capt. Swinburne, R.N., and M. HoflFmann, 


Fig. 98. 



Graham Island, 29th Sept. 1831.* 


the Prussian geologist. It was then from 50 to 90 feet in 
height, and | of a mile in circumference. By August 4 it 

* In the annexed sketch (fig. 98), am informed by M. Prevost that these 
drawn by M. Joinville, who accompanied lines were not intended by the artist to 
M. 0. Prevost, the beds seem to slope represent the dip of the beds, 
towards the centre of the crater; but I 
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beoame, aooordmg to some acootmts, above 200 feet bigb, 
and 3 miles in circamfereoce ; after which it began to 
diminish in size bj the action of the waves, and was only 2 
miles round on August 25; and on September 3, when it 
was carefully examined by Captain Wodehouse, only f of a 
mile in circumference ; its greatest height being then 107 feet. 
At this time the crater was about 780 feet in circumference. 
On September 29, when it was visited by Mohs. C. Prevost, 
the circumference of the island was reduced to about 700 
yards. It was composed entirely of incoherent ejected matter, 
scoriae, pumice, and lapilli, forming regular strata, some of 
which are described as having been parallel to the steep inward 
slope of the crater, while the rest were inclined outwards, 
like those of Vesuvius.* When the arrangement of the 
ejected materials has been determined by their falling con- 
tinually on two steep slopes, that of the external cone and 
that of the crater, which is always a hollow inverted cone, a 


Fig. 09. 



transverse section would probably resemble that given in the 
annexed figure (99). But when I visited Vesuvius, in 1828, 
I saw no beds of scorise inclined towards the axis of the cone. 
(See fig. 73, Vol. I. p. 632.) Such may have once existed ; but 
the explosions or subsidences, or whatever causes* produced 
the great crater of 1822, had possibly destroyed them. 

Few of the pieces of stone thrown out from Graham Island 
exceeded a foot in diameter. Some fragments of dolomitic 
limestone were intermixed; but these were the only non- 
volcanic substances. During the month of August, there 
occurred on the S.W. side of the new island a violent ebul- 
lition and agitation of the sea, accompanied by the constant 
ascension of a column of dense white steam, indicating the 
existence of a second vent at no great depth from the surface. 
Towards the close of October, no vestige of the crater re- 
mained, and the island was nearly levelled with the surfiace 
of the ocean, with the exception, at one point, of a small 
* See Memoir by M. C. Preroet, Ann. des Sci. Nat tom. 
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monitktile of sand and soona. It was reported that, at the 
eommenoement of the year following (1832), there was a 
depth of 150 feet where the island had been: bat this 
account was quite erroneous ; for in the early part of that 
year Captain Swinburne found a shoal and discoloured water 
there, and towards the end of 1833 a dangerous reef existed 
of an oval figure, about of a mile in extent. In the centre 
was a black rock, of the diameter of about 26 fathoms, from 
9 to 11 feet under water ; and round this rock were banka of 
black volcanic stones and loose sand. At the distance of 
60 fathoms from this central mass, the depth increased 
rapidly. There was also a second shoal at the distance 
of 460 feet S.W. of the great reef, with 15 feet water over 
it, also composed of rock, surrounded by deep sea. We can 
scarcely doubt that the rock in the middle of the larger reef 
is solid lava, which rose up in the principal crater, and that 
the second shoal marks the site of the submarine eruption 
observed in August, 1831, to the S.W. of the island. 

From the whole of the facts above detailed, it appears 
that a hill 800 feet or more in height was formed by a 
submarine volcanic vent, of which the upper part (only about 
200 feet high) emerged above the waters, so as to form 
an island. This cone must have been equal in size to 
one of the largest of the lateral volcanos on the flanks of 
Etna, and about half the height of the mountain Jorullo in 
Mexico, which was formed in the course of nine months, in 
1759. In the centre of the new volcano a large cavity was 
kept open by gaseous discharges, which threw out scoriae ; 
and fluid lava probably rose up in this cavity. It is not 
uncommon for small subsidiary craters to open near the 
summit of a cone, and one of these may have been formed in 
the case of Graham Island ; a vent perhaps, connected with 
the main channel of discharge, which gave passage in that 
direction to elastic fluids, scoriee, and melted lava. It does 
not appear that, either from this duct, or from the principal 
vent, thwe was any overflowing of lava ; but melted rock 
may have flowed from the flanks or base of the cone (a com- 
mon occurrence on land), and may have spread in a broad 
sheet over the bottom of the sea. 
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The dotted lines in the uinexed figure (fig. 100) are an 
inu^^ary restoration of the upper part of the cone, now 
removed by the waves : the strong lines represent the part of 
the volcano which is still under water : in the centre is a great 
column or dike, of solid lava, 200 feet in diameter, supposed 
to fill the space by which the gaseous fluids rose ; and on 
each side of the dike is a stratified mass of scorim and frag- 
mentary lava. The solid nucleus of the reef, where the 
black rock is now found, withstands the movements of the 
sea; while the surrounding loose tuffs are cut away to a 
somewhat lower level. In this manner the lava, which was 
the lowest part of the island, or, to speak more correctly, 
which scarcely ever rose above the level of the sea when the 
island existed, has now become the highest point in the reef. 

No appearances observed, either during the eruption or 
since the island disappeared, give the least support to the 


Fig. 100. 



Supposed flection of Graham Island. (C. Maclaren.*) 


opinion promulgated by some writers, that part of the 
ancient bed of the sea had been lifted up bodily. 

The solid products, says Dr. John Davy, whether they 
consisted of sand, light cinders, or vesicular lava, differed 
more in form than in composition. The lava contained 
augite ; and the specific gravity was 2*07 and 2*70. When 
the light spongy cinder, which floated on the sea, was reduced 
to fine powder by trituration, and the greater part of the 
entangled air got rid of, it was found to be of the specific 
gravity 2*64 ; and that of some of the sand which fell in the 
eruption was 2*75 ; f so that the matemls equalled ordinary 
granite in weight and solidity. The only gas evolved in any 
considerable quantity was carbonic acid.| 

* Qeol. of Fife and the Lothiane, t Phil. Trane. 1832, p. 248. 
p. 41. £din. 1839. t Ibid. p. 249. 
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S^momm mii/ption$ in mid-AtUmiic. — ^In the Nautical 
Magaasme for 1 835, p« 642, and for 1838, p. 361, and in the 
Comptea Bendns, April 1838, accounte are given of a series 
of volcanic phenomena, earthquakes, troubled water, floating 
scorisB and columns of smoke, which have been observed at 
intervals since the middle of the last century, in a space of 
open sea between longitudes 20® and 22® west, about half a 
degree south of the equator. These facts, says Mr. Darwin, 
seem to show, that an island or an archipelago is in process 
of formation in the middle of the Atlantic : a line joining 
St. Helena and Ascension would, if prolonged, intersect this 
slowly nascent focus of volcanic action.* Should land be 
eventually formed here, it will not be the first that has been 
produced by igneous action in this ocean since it was 
inhabited by the existing species of testacea. At Porto Praya. 
in St. Jago, one of the Azores, a horizontal calcareous 
stratum occurs, containing shells of recent marine species, 
covered by a great sheet of basalt, 80 feet thick.t It 
would be difficult to estimate too highly the commercial and 
political importance which a group of islands might acquire, 
if in the next two or three thousand years they should rise in 
mid-ocean between St. Helena and Ascension. 

Emption in Lancerote, 1730 to 1736. — An eruption hap- 
pened in Lancerote, one of the Canary Islands, between the 
years 1730 and 1736, of which a detailed description was 
published by Von Buch, who visited that island in 1815, and 
compared the accounts transmitted to ns of the event, with 
the present state and geological appearances of the country. 
During this outbreak, which lasted for five successive years, 
the flourishing town of St, Catalina and several other places 
were buried under lava and scorite 400 feet in thickness. 
Thirty cones were thrown up arranged in one line running 
nearly east and west and extending for a length of two 
geographical miles. The most elevated of these hills reached 
a height of about 600 feet above its base. The subterranean 
cleft from which elastic fluids escaped seems to have opened 
or widened at a succession of new points when the first 
apertures had become obstructed by solid lava or ejected 

* Darwin's Volcanic Islands, p, 92. t Ibid, p, 6. 
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matter. From one of the fissures which was still open in 
1815 Yon Bach found hot rapours issuing which rais^ the 
thermometer to 145® Falir., and were probably at the boiling 
point lower down. The exhalations seemed to consist of 
aqueous vapour ; yet they could not be pure steam, for the 
crevices were encrusted on either side by siliceous sinter (an 
opaHike hydrate of silica of a whita colour), which extended 
almost to the middle. This important fact attests the length 
of time during which chemical processes continue after 
eruptions, and shows how open fissures may be filled up by 
mineral matter, sublimed from volcanic exhalations. 

The quantity of dead fish which were strewed over the banks 
and shores of the island or floated on the waters on more than 
one occasion during this series of eruptions, some of them 
of species which had never before been observed, is said to 
have been indescribably great, especially where streams of 
lava entered the sea. This fact is one of geological interest, 
since many of tbe fossil fislies of ancient date, those of Monte 
Bolca for example, are preserved in vulcanic tuff or in marls 
associated with contemporaneous igneous rocks. In August 
1824 another eruption happened in Lanzerote near the port 
of Rescif, forming a cone and crater from which Mr. Hartuug 
found hot vapours escaping during his visit in 1850.* 

SANTORIN. 

The Gulf of Santorin, in the Grecian Archipelago, has 
been for 2,000 years a scene of active vulcanic operations. 
The largest of the three outer islands of the group (to which 
the general name of Santorin is given) is called Thera (or 
sometimes Santorin), and forms more than two-thirds of the 
circuit of the gulf. (See Map, fig. 101, p. 06.) The length 
of the exterior coast-line of this and the other two islands 
named Therasia and Aspronisi, taken together, amounts to 
about 30 miles, and that of the innei^ coast-line of the 
same islands to about 18 miles. In the middle of the 
gulf are thi’ee other islands, called the Little, the New, and 
the Old ‘ E^imenis,^ or ‘ Burnt Islands.’ The accompanying 

♦ G. Hartuug, Lanzerote und Fuertaventura. 
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Section of Santorin, in a N.E. and S.W. direction, from Thera through the 
Kaimenis to Asproniai. 


a, OW KalmenS. - Oreat ooTering of white tafaoeoos 

e. New agglomemte or of ejected matter owrtalnlng 

c. Xiittle Kaimenl. fragmenti of brown trachyte. 


C*. XXVU,] aiNTOjBIH, 67 

map liaa been reduced from an Admiraltj Surrey executed in 
1848 by the late Captain Graves, B.N. 

Pliny infcmns us that the year 186, B.O., gave birth to the 
Old Kaimeni, also called Hiera, or the ^ Sacred Isle ; * and in 
the year 19 of our era ‘Theia* (the Divine) made its appearance 
above water, and was soon joined by subsequent eruptions to 
the older island, from which it was only 250 paces distant. 
The Old Kaimeni also increased successively in size in 726 
and in 1427. A century and a half later, in 1576, another 
eruption produced the cone and crater called Micra-Kaimeni, 
or ^ the Small Burnt Island.’ The next great event which 
we find recorded occurred in 1650, when a sulwnarine out- 
break violently agitated the sea, at a point miles to the 
N.E. of Thera, and which gave rise to a shoal (see A in 
the Map) carefully examined during the survey of 1848 by 
Captain Graves, and found to have 10 fathoms water over it, 
the sea deepening around it in all directions. This eruption 
lasted three months, covering the sea with floating pumice. 
At the same time an earthquake destroyed many houses in 
Thera, while the sea broke upon the coast, overthrew two 
churches, and exposed to view two villages, one on each side 
of the mountain of St. Stephen, both of which must have 
been overwhelmed by showers of volcanic matter during some 
previous eruptions of unknown date.* The accompanying 
evolution of sulphur and hydrogen issuing from the sea killed 
more than 60 persons, and above 1,000 domestic animals. 
A wave, also, 50 feet high, broke upon the rocks of the Isle 
of Nia, about 4 leagues distant, and advanced 450 yards 
into the interior of the Island of Sikino. Lastly, in 1707 and 
1709, Nea-Kaimeni, or the New Burnt Island, was formed 
between the two others, Palaia and Micra, the Old and Little 
Isles. This isle was composed originally of two distinct 
parts; the first which rose was called the White Island, 
composed of a mass of pumice, extremely porous. Goree, the 
Jesuit, who was then in Santorin,say8 fhat the rock * cut 
like bread,’ and that, when the inhabitants landed on it, they 
found a multitude of Mb grown fresh oysters adhering 


♦ Virlet, Bull, de la Soc. de Fraace, txm iii. p. 103. 
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to it, wkidi tbej ate.* Ibis mass vas afterwards oorered, 
in great part, by the matter ejected from the crater of 
a twin'island formed simnltaneonsly, and called Black 
Island, consisting of brown trachyte. The trachytic lara 
which rose on this spot appears to hare been a long time in 
an intumescent state, for the New Kaimeni was sometimes 
lowered on one side while it gained height on the other, and 
rocks rose np in the sea at different distances from the shore 
and then disappeared again. The eruption was renewed at 
interrals during the years 1711 and 1712, and at length a 
cone was piled np to the height of about 330 feet above the 
level of the sea, its exterior slope forming an angle of 38“ 
with the horizon, and the crater on its summit being 80 
yards in diameter. In addition to the two points of subaerial 
eruption on the New and Little Kaimenis, two other cones, 
indicating the sites of submarine outbursts of unknown date, 
were discovered utader water near the Kaimenis during the 
late survey. 

In regard to the ‘ White Island,’ wliich was described and 
visited by Goree in 1707, we are indebted to Mr. Edward 
Forbes for having, in 1842, carefully investigated the layer 
of pumiceous ash of which it is constituted. He obtained 
from it many shells of marine genera, Pectunculus, Area, 
Cardita, Trochus, and others, both luiivalve and bivalve, all 
of recent Mediterranean species. They were in a fine state 
of preservation, the bivalves with the epidermis remaining, 
and valves closed, showing that they had been suddenly 
destroyed. Mr. Forbes, from his study of the habits of the 
inollusca living at different depths in the Mediterranean, was 
able to decide that such an assemblage of species could not 
have lived at a less depth than 220 feet, so that a bodily 
upheaval of the mass to that amount must have taken place 
in order to bring up this bed of ashes and shells to the level 
of the sea, and they now rise 5 or 6 feet above that leveLf 
We may compare this partial elevation of solid matter to 
the rise of a hardened crust of scoriae, such as is usually 


* Phil. Trans. No. 832, 

t E. Forbes, Brit. Association, Report for 18i3, p. 177. 
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finmed on the snr&ce of lava currents, even while they are 
in motion, and which, althoogh stony and cajmhle of sup- 
porting heavy weights, may be npraised without bursting by 
the intumescence of the melted matter below. The reader 
may also be reminded of the upheaval of a solid crust of lava 
witnessed by Abich within the crater of Vesuvius in the 
year 1834, already mentioned by me. (Vol. I. p. 630.) That 
the upheaval was merely local is proved by the fact that 
the neighbouring Kaimenis did not participate in the move- 
ment, still less the three more distant or outer islands. 

Fig. 103. 



Bird'fl-eye view of the Gulf of Siintorin during the volcanic eruption 
of February, 1866. 


a. Thcnwla. 

b. The * northern entrance,* 1,068 feet deep. 
r. Thera, 

d. Mount St. Ella*, rising 1 ,887 feet above 
the sm, composed of granular llmcston • and 
clay-slate, the only non- volcanic rocks In 
Santorin. 


e. Aspi'onlfll, 

/, Little Kidmani. 

g. New Kiilmeni. 

h. Old Kalmenl. 

f. Apbroesso. 
k, Goorge. 


Eruption q/'1866. — Another eruption broke out in Nea- 
Elaimeni in February 1866. At the end of January the sea 
had been observed in a state of ebullitioh off the south-west 
coast, and part of the channel between New and Old Kaimeni 
marked 70" fathoms in the Admiralty chart had become, on 
February 11, only 12 fathoms deep. According to M. Julius 
Schmidt, a gradual rising of the bottom went on until 
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a small island made its appeairance, caSleA afterwards 
Aphroessa*^ (See i, fig. 103.) It seems to hare consisted of 
lava pressed upwards and outwards almost imperceptibly 
by steam, which was escaping at every pore through the 
hissing scoriaceous crust. ‘It could be seen/ says Com- 
mander Lindsay Brine, R.N., ‘ through the fissures in the cone 
that the rocks within were red-hot, but it was not till later 
that an eruption began.^f On February 11, the village of 
Vulcano, on the south-east coast, where there had been a 
partial sinking of the ground, was in great part overwhelmed 
by the materials cast out from a new vent which opened in 
that neighbourhood, and to which the name of George was 
given (see fig. 103), which finally, according to Schmidt, 
became about 200 feet high. Commander Brine having 
ascended on February 28, 1866, to the top of the crater of 
Nea-Kaimeni, about 350 feet high, looked down upon the 
new vent then in full activity. The whole of the cone was 
swaying with an undulating motion to the right and left, and 
appeared sometimes to swell to nearly double its size and 
height, to throw out ridges like mountain spurs, till at last 
a broad chasm appeared across the top of the cone, accom- 
panied by a tremendous roar of steam, and the shooting up 
from the new crater to the height of from 50 to 100 feet of 
tons of rock and ash mixed with smoke and steam. Some of 
these which fell on Micra-Kairneiii at a distance of 600 yards 
from the crater, measured 30 cubic feet. This effort over, 
the ridges slowly subsided, the cone lowered and closed in, 
and then, after a few minutes of comparative silence, the 
struggle would begin again with precisely similar sounds, 
action, and result. Threads of vapour escaping from the old 
crater of Nea-Kaimeni proved that there was a subterranean 
connection between the old and new vents.’l 

Aphroessa, of which the cone was at length raised to a 
height of more than 60 feet, was united in August with the 
main island. This was due in part at least to the upheaval 
of the bottom of the sea, which is now only 7 fathoms deep 

♦ Schmidt, cited by Von Hauer, Geographical Proc. Not. 10th, 1866 , 

t Brine, Visit to Santorin. Boyal toI. x. p. 317. % Ibid. 
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in the channel dividing^ the New uid Old SlaimeniSy whereas 
in the Admiraltj chut (see fig. 101, p. €6) the sonndings gave 
100 fathoms. 

It will be seen by the map and section (figs. 101 and 102), 
that the Kaimenis are arranged in a linear direction, running 
N.E. and S.W., in a manner different from that represented 
in the older charts. In their longest diameter they form at 
their base a ridge nearly bisecting the gulf or crater. 

Notwithstanding this linear arrangement we may compare 
the three Kaimenis in the centre of the gulf to the modem 
cone of Vesuvius, and consider the outer islands Thera, 
Aspronisi, and Therasia as the remains of an older and 
ruined cone like Somma. Thera, which constitutes alone 
more than two-thirds of the outer circuit, presents everywhere 
towards the gulf high and steep precipices composed of 
volcanic rocks. In all places near the base of its cliffs, a 
depth of from 800 to 1,000 feet of water was found, and 
Lieut. Leycester informs us that if the gulf, which is 6 miles 
in diameter, could be drained, a bowl-shaped cavity would 
appear with walls 2,449 feet high in some places, and even 
on the south-west side, where it is lowest, nowhere less than 
1,200 feet high; while the Kaimenis would be seen to form 
in the centre a huge mountain 5^ miles in circumference at 
its base, with three principal summits (the Old, the New, 
and the Little Burnt Islands) rising severally to the heights 
of 1,251, 1,629, and 1,158 feet above the bottom of the abyss. 
The rim of the great cauldron thus exposed ' would be 
observed to be in all parts perfect and unbroken, except at 
one point where there is a deep and long chasm or channel, 
known by mariners as the ‘ northern entrance ’ (B, fig. 101, 
and h, fig. 103), between Thera and Therasia, and called by 
Lieut. Leycester ‘ the door into the crater.’ It is no less 
than 1,170 feet deep, and constitutes, as will appear by the 
soundings (see Map, fig. 101), a remarkable feature in the 
bed of the sea. There is no corresponding channel passing 
out from the gulf into the Mediterranean at any other point 
in the circuit between the outer islands, the greatest depth 
there ranging from 7 to 66 feet. 

We may conceive, therefore, if at some former time the 
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wliole mans of Santorin stood at a Mgher krel by 1^200 feet, 
tiiiat tbis single rarine or narrow rall^ now forming ^ the 
northern entrance/ was the passage by which the sea entered 
a circular bay. 

But at a still earlier period when the ancient volcanic 
cone, of which the outer islands are the remains, was still 
more elevated above the level of the sea, there may have 
been a deep valley of subaerial erosion cut by the principal 
river which then drained Santorin, which may have con- 
sisted of one lofty volcanic cone afterwards truncated by a 
paroxysmal explosion such as we have already spoken of in 
the case of Galongoon, p. 57, and when treating of the sup- 
posed origin of the Val del Bove on Etna. It would then be 
necessary to imagine the subsidence and partial submergence 
of this original island in order to explain the present gulf and 
the deep channel (B, fig. 101) coinciding with the ancient 
gorge of fluviatile erosion. 

All the outer islands Thera, Therasia, and Aspronisi are 
covered with one great uniform mass of volcanic* matter, 
expressed by d, , in the section, fig. 102, p. 66. This great 
overlying deposH has been called pumiceous by many ob- 
servers, but M. Virlet says it is a white tufaceous agglomerate 
through which are dispersed fragments of a brown trachyte. 
Such a mass may well be imagined to be the product of that 
paroxysmal eruption by which so large a part of the great 
cone was destroyed, and the gulf formed, in the middle of 
which the Kaimenis have since been thrown up. 

Thera, Therasia, and Aspronisi are exclusively composed 
of volcanic matter, except the southern part of Thera, where 
Mount St. Elias (d d, fig. 103) reaches an elevation of 1,687 
feet above the sea, or three times the height now attained by 
the loftiest of the igneous rocks.* This mountain is formed 
of granular limestone and argillaceous schist, and is much 
more ancient than any part of the volcanic cone, one side of 
the base of which now abuts against it. The inclination, 
strike, and fractures of the calcareous and argillaceous strata 
of St. Elias have no relation to the great cone, but, according 


* Virlet, BalL de la Soc. G4oI. de France, tome iii. p. 103. 
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to M . Botj St« Yincent, h&ye the same direction as those of 
the other isles of the Grecian Archipelago, namely, from 
N.N.W* to S.S.E. Each of the three islands, Thera, Therasia, 
and Aspronisi, are composed of beds of trachytio lava and 
tnflF, having a gentle inclination of only S® or 4®. Each bed is 
very narrow and discontinuous, the successive layers being 
moulded or dove-tailed, as M. Virlet expresses it, into the in- 
equalities of the previously existing surface, on which showers 
of cinders or streams of melted matter had been poured. 

An important fact is adduced by M. Virlet, to show that 
the gentle dip of the lava streams in the three outer islands 
towards all points of the compass, away from the centre of 
the gulf, has not been due to the upheaval of horizontal beds, 
as conjectured by Von Buch, who had never visited Santoriii.* 
The French geologist found that the vesicles or pores of the 
trachytic masses were lengthened out in the several directions 
in which they would have flowed if they luid descended from 
the axis of a cone occtinying the centre of the crater. For 
it is well known that the bubbles of confinej^l gas in a fluid in 
motion assume an oval form, and the direction of their longer 
axis coincides always with that of the stream. 

Tlie absence of dikes in the clifts surrounding the gulf is 
in favour of the theory that we here behold a section of 
the basal remains of an old volcanic cone. We have already 
spoken of the want of such dikes in those parts of the old 
Vesuvius (see Vol. I. p. 636) or Somma, as well as of Mount 
Etna, which are far from the original centres of eruption, 
(Vol. II. p. 17.) We may confidently infer from analogy 
that- the missing part of the old cone of Santorin which rose 
to a great height where the Kaimenis now stand, consisted 
of steeply inclined lavas traversed by numerous vertical dikes. 

If we adopt the hypothesis above suggested, we are re- 
quired to assume a subsidence of more than 1,000 feet in 
order to explain the north-east channel (B, fig. 101, and 6, fig. 

1 03) as being a submerged valley or ravine of subaerial erosion. 
In reference to this point we may mention that a large part 
of Thera actually sank down during a great earthquake in 


* PoggeDdorfs Annalefi, 1886, p. 183. 
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1660, the subsidence being proved not only by tradition, but 
by the fact that a road which formerly led between two 
places on the east coast of Thera is now 12 fathoms under 
water. A long succession, no doubt, of such events would be 
demanded to bring about so great a submergence, and future 
geologists will have to decide whether this or some other 
theory will best account for this submarine chasm. 

On a review, therefore, of all the facts now brought to light 
respecting Santorin, I attribute the moderate slope of the 
beds in Thera and the other external islands to their having 
originally descended the inclined flanks of a large volcanic 
cone, the principal orifice or vents of eruption having been 
always situated where they are now, in or near the centre of 
the space occupied by the gulf or crater, in other words where 
the outburst of the Kaiinenis has been witnessed in historical 
times. The single long and deep opening into the crater is 
a feature common to all those remnants of ancient volcanos, 
the central portions of which have been removed, and is pro- 
bably connected with aqueous denudation. As to the age of 
the more ancient volcanic formations of Santorin, I am in- 
formed by M. Fouque that they belong to the Newer Pliocene 
period, os shown by marine shells which he collected in 1866.* 

Barren Island . — There is a great analogy between the 
structure of Barren Island in the Bay of Bengal, lat. 12° 15', 
and that of Santorin last described. When seen from the 
ocean, this island presents, on almost all sides, a surface of 
bare rocks, rising, with a moderate acclivity, towards the in- 
terior ; but at one point there is a cleft by which we can pene- 
trate into the centre, and there discover that it is occupied by a 
great circular basin more than 8,000 feet in diameter bordered 
all around by steep rocks, in the midst of which rises a volcanic 
cone, very frequently in eruption. The height of the circular 
border which encloses the basin has been variously estimated. 
According to Von Liebig, who visited the island in 1857, it 
was about 1,000 feet high, corresponding in elevation to the 
modem cone, so that the latter can only be seen from the sea 

* splendid photographs and descrip- Fritscb, Heiss, and Stiibel. Trubner, 
tions of the eruption of the Kaimenis London, 1867. 
in 1866 have been published by Messrs. 
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by looking throogb the ravine. The sides of this cone slope 
at angles of from 35° to 40°. In some of the older accoxints 
the sea is described as entering the inner basin, hot Yon 
Liebig says it was excluded at the time of his visit, and that a 
8t3%am of black lava 10 feet high was traceable from the interior 


Fig. 104. 



Cono and crater of Barren liiland, in the Bay of Bengal. Height of the central 
cone (nccoixiing to Capt. Miller, in 1834), 600 feet.* 

to the outlet ; there was also on the sides of the passage or 
inlet a raised beach 20 feet high, composed of volcanic tuff 
and rolled pebbles, indicative of a modern upheaval of the 
island to that extent. It is most probable that the exterior 
enclosure of Barren Island (c, d, fig. 105) is nothing more than 

Fig. 106. 



Supposed section of Barren Island, in the Bay of Bengal. 

the remains of a truncated cone, c, a, 5, d, a great portion of 
which has been removed by explosion, which may have pre- 
ceded the formation of the new interior cone /, e, 

MUD VOLCANOS. 

Iceland . — Professor R. Bunsen, in t^is account of the 
pseudo-volcanic phenomena of Iceland, describes many 
valleys where sulphurous and aqueous vapours burst forth 

* The annexed view is given by Von t Von Liebig, Zeitschrifl der Geo- 
Bueh. Captain Horsburgh saw smoke logischen Gesellschaft, vol. x. p. 30S. 
proceeding from the crater in 1803. 1858. 
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itnih a hissing sonnd, from the hot soil formed of volcanic 
tuff* In such spots a pool of boiling water is seen, in which 
a blnish^black argillaceous paste rises in huge bubbles* 
These bubbles on bursting throw the boiling mud to a height 
of 16 feet and upwards, so that it accumulates in ledges 
round the crater or basin of the spring* 

Baku, on the Caspian . — The formation of a new mud vol- 
cano was witnessed on November 27, 1827, at Tokraali, on 
the peninsula of Abscheron, east of Baku. Flames blazed up 
to an extraordinary height, for a space of 3 hours, and con- 
tinued for 20 hours more to rise about 3 feet above a crater, 
from which mud was ejected. At another point in the same 
district where flames issued, fragments of rock of large size 
were hurled up into the air and scattered around.* 

Sicily . — At a place called Macaluba, near Girgenti in 
Sicily, are several conical mounds from 10 to 30 feet in 
height, with small craters at their summits, from which cold 
water, mixed with mud and bitumen, is cast out. Bubbles 
of carbonic acid and carburetted hydrogen gas are also dis- 
engaged from these springs, and at certain periods with such 
violence as to throw the mud to the height of 200 feet. 
These ‘ air volcanos,’ as they are sometimes termed, are 
known to have been in the same state of activity for the last 
15 centuries ; and Dr. Daubeny imagines that the gases 
which escape may be generated by the slow combustion of 
beds of sulphur, which is actually in progress in the blue 
clay, out of which the springs rise.f But as the gases are 
similar to those disengaged in volcanic eruptions, and as they 
have continued to stream out for so long a period, they may 
perhaps be derived from a more deeply-seated source. 

Bella, in India . — In the district of Luss or Lus, south of 
Beila, about 120 miles N.W. of Cutch and the mouths of the 
Indus (see Map, fig. 111^ p. 98), numerous mud volcanos 
are scattered over an area of probably not less than 1,000 
square miles. Some of these have been well described by 
Captain Hart, and subsequently by Captain Robertson, who 
has paid a visit to that region, and made sketches of them, 
which he has kindly placed at my disposal. From one of 

* Hamboldt's Cosmot. t Daubeny, Valcanoa, p. 267. 



Mud cones and craters of Hinglaj, near Beila, district of Lus, 120 miles north- 
west of mouth of the Indus. From original drawing by Capt. Robertson. (See 
Map, p. 98.) 

Frequency of eruptions, and nature of subterranean igneous 
rocks . — When we speak of the igneous rocks of our own times, 
we mean that small portion which, during volcanic eruptions, 
reaches the surface, whether in the fovh. of lava, scoriae, or 
sand, being forced up from the interior by elastic fluids in a 
melted state, and cooling gradually in the sea or open air. 

♦ See Buist, Volcanos of India, Trans. Captain Robertson, Joum. of Roy. 

Bombay Oeol. Soc. voL x, p. 154, and Asiat. Soc. 1850. 
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But we cftonot obtain aocem to tbat which is congealed &r 
beneath the snrface under a pressure equal to that of many 
hundred, or many thousand, atmospheres. 

Daring the last century, about 50 eruptions are recorded 
of the fire European volcanic districts, of Yesurius, Etna, 
Volcano (one of the Lipari Isles), Santorin, and Iceland j but 
many beneath the sea in the Grecian Archipelago and near 
Iceland may doubtless have passed unnoticed. If some of them 
produced no lava, others, on the contrary, like that of the 
Skaptdr Jokul, in 1783, poured out melt<^ matter for 5 or 6 
years consecutively ; which cases, being reckoned as single 
eruptions, will compensate for those of inferior strength. Now, 
if we consider the active volcanos of Europe to constitute 
about a fortieth part of those already known on the globe, 
and calculate that, one with another, they are about equal in 
activity to the burning mountains in other districts, we may 
then compute that there happen on the earth about 2,000 
eruptions in the course of a century, or about 20 every year. 

However inconsiderable, therefore, those rocks may be 
which the operations of fire produce on the surface, we must 
suppose the subterranean changes now constantly in progress 
to be on the grandest scale. Tlie loftiest volcanic cones 
and the lavas which have flowed from their craters must be 
insignificant when contrasted with the products of heat in 
the nether regions. In regard to these last or those igneous 
rocks which have been formed in our own times in the 
bowels of the earth, whether in rents and caverns, or by 
the cooling of lakes of melted lava, we may safely infer that 
they are heavier and less porous than ordinary lavas, and 
more crystalline, although composed of the same mineral 
ingredients. As the hardest crystals produced artificially 
in the laboratory require the longest time for their formation, 
so we must suppose that where the cooling down of melted 
matter takes place by insensible degrees, in the course of 
ages, a variety of minerals will be produced far harder than 
any formed by natural processes within the short period of 
human observation. 

These subterranean volcanic rocks, moreover, cannot be 
stratified in the same manner as sedimentaiy deposits from 
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watev, althoogh it is eWdent that when great masses con* 
solidate from a state of fusion, they may separate into 
natural diTisions ; for this is seen to be the case in many 
lava currents. We may also expect that the rocks in 
question will often be rent by earthquakes, since these are 
common in volcanic regions ; and the dssures will be often 
injected with similar matter, so that dikes of crystalline 
rock will traverse masses of similar composition. It is also 
clear, that no organic remains can be included in such 
masses, as also that these deep-seated igneous formations 
considered in mass must underlie all the strata containing 
organic remains, because the heat proceeds from below 
upwards, and the intensity required to reduce the mineral 
ingredients to a fluid state must destroy all organic bodies 
in rocks included in the midst of them. 

If by a continued series of elevatory movements, such 
masses shall hereafter be brought up to the surface, in the 
same manner as sedimentary marine strata have, in the 
course of ages, been upheaved to the summit of the loftiest 
mountains, it is not diflicult to foresee what perplexing pro- 
blems may be presented to the geologist. He may then, 
perhaps, study in some mountain-chain the very rocks pro- 
duced at the depth of several miles Iwmeath the Andes, 
Iceland, or Java, in the time of Leibnitz, and draw from them 
the same conclusion which that philosopher derived from 
certain igneous products of high antiquity ; for he conceived 
our globe to have been, for an indefinite period, in the state 
of a comet, without an ocean, and uninhabitable alike by 
aquatic or terrestrial animals. 
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CHAPTER XXVIII. 

EARTHQUAKE8 AKD THEIK EFFECTS. 

BAWTIlQtTAItKS AND THRIH ErFBCTS -DKKlCrKXCY OF AXCIKXT ACCOl’KTS — 
OMDINAHY ATMOHPUKUU' THKNOWKWA — CMANOK8 PHODUCRD BY FAUTHQCAKR8 
IK MOliKtlN TIMES CoKSIDKUED IN CHBaNi»LOCllCAL OBDRU- KAUTHQUAKK IN 
Kiev S5EALAND ~~ PKUMANKNT UPWKAVAL AND srilSiDK.VCE OF LAND — A FAl'LT 
l*UOf>t*<‘ED IN TUK JOK KH - I-lARTHQrAKF. IN KYlilA, 1 837 — UTIIQC AXRS IN 
CUn.l IN 1H37 AND 183.) ISLK OF 8ANTA MADIA ItAISKD TKLV FKICr— CHIU. 
1822- EXTENT OF CilUNTKY KLKVATKD — KAUTHQtTAKK OP CCTCH IN 1819 — 
SCilSlDKNCK IN TUK DKJ.TA tIF TMK INDI7.S — ISLAND OF Sl’MDAWA IN 1815 — 
RAUrilQDAKK i»K CAHACCAS IN 1812 -.SMOCKS IN TIIK VALLEY OF TMK 
AT NKW M ADD ID IN 1811. 


In the sketeli given in Chapter XXIII. of the geographical 
boundaries of volcanic regions, I stated, that although the 
points of eruption are but tliinly scattered, constituting mere 
spots on the surface of those vast districts, yet the sub- 
terranean movements extend simultaneously over immense 
areas. We may now proceed to consider the changes which 
these movements produce on the surface, and in the internal 
structure of the earth’s crust. 

IJeficteiicy of annent accounts . — It is only within the last two 
centuries, since Hooke first promulgiited, in 1088 , Iiis views 
respecting the connection between geological phenomena 
and earthquakes, that the permanent changes effected by 
these convulsions have excited attention. Before that time, 
the narrative of the historian was almost exclusively confined 
to the number of human beings who i>erished, the number of 
cities laid in ruins, the value of property destroyed, or certain 
atmospheric appearances which dazzled or terrified the ob- 
servers. The creation of a new lake, the engulphing of a 
city, or the raising of a new island, are sometimes, it is true, 
adverted to, as being too obvious, or of too much geographical 
or political interest to be passed over in silence. But no 
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WMweliM vete nuiide expareadly witli a Ytew of aaoerteiuiiig 
tlie Mnoant of depnaikni (nr eloTation ot the gronod, or enj 
{Ntzticiilar aUeraiioiiis in the relatiTe position of see and land ; 
and werj little distinction was made between the raising of 
soil liy Toloanic ejections, and the upheaving of it bj forces 
acting from below. The same remark applies to a very large 
proportion of modem accounts : and how much reason we 
have to regret this deficiency of information appears from 
this, that in every instance where a spirit of scientific enquiry 
has animated the eye-witnesses of these events, facts calcu- 
lated to throw light on former modifications of the earth’s 
stmcture are recorded. 

Phenomena attending earthquakes . — As T shall confine myself 
almost entirely, in the following notice of earthquakes, to the 
changes brought about by them in the configuration of the 
earth’s crust, I may mention, generally, some accompani- 
ments of these terrible events which are almost uniformly 
commemorated in history, so that it may be unnecessary to 
advert to them again. Irregularities in the seasons preceding 
or following the shocks ; sudden gusts of wind, interrupted 
by dead calms ; violent rains at unusual seasons, or in 
countries where, as a rule, they are almost unknown ; a 
reddening of the sun’s disk, and haziness in the air, often 
continued for months ; an evolution of electric matter, or of 
inflammable gas from the soil, with sulphurous and mephitic 
vapours ; noises underground, like the running of carriages, 
or the discharge of artillery, or distant thunder; animals 
uttering cries of distress, and evincing extraordinary alarm, 
being more sensitive than men to the slightest movement ; a 
sensation like sea-sickness, and a dizziness in the head, ex- 
perienced by men ; — these, and other phenomena, less con- 
nected virith our present subject as geologists, have recurred 
again and again at distant ages, and in all parts of the 
globe. 

I nbft.11 now begin the enumeration of earthquakes with 
the latest authentic narratives, and so cany back the survey 
retrospectively, that I may bring before the reader, in the 
first place, the minute and circumstantial details of modmi 
times, and thus enable him, by observing the extraordinuy 

voi*. n. o 
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•monst of ehftnge witlim tlie last 170 jean, to peroeWe liow 
giwt mtist be the deficiency in the meagre annals of eoriier 
eras. 

BABTHQ17AKE8 OF THE BIKBTBEVTH CEETUBT.* 

New Zealand, 1855 . — Permanent upheaval and eubtidence of 
land , — In no country, perhaps, where the English language 
is spoken, have earthquakes, or, to speak more correctly, the 
subterranean causes to which such movements are due, been 
so active in producing changes of geological interest as iu 
New Zealand. The convulsions which have agitated this 
archipelago since it was first known to whalers or settlers, 
have visited different districts in succession. 

The Rev. R. Taylor, many years a missionary in New 
Zealand, states that the shocks of 182G, 1841, and 1848 
expended each of them their chief violence in distinct areas. 
In the year 1828, there was a small cove called the Jail, 
about 80 miles north of Dusky Bay, much visited by sealers, 
for it afforded suitable anchorage for their vessels, being 
sheltered by lofty cliffs, and having deep water so close to 
the shore that they could step out of their boats on to the 
rocks. 

After a succession of earthquakes in 1826 and 1827, so 
complete was the transformation of this coast that its former 
features could no longer be recognised ; the cove had become 
dry land, and trees were seen under water near the coast, 
having probably been carried down by landslips into what 

* Since the publication of the first miralty Manun], 1849; also Mr. Mallet’s 
edition of thiHivork, numerous accounts report* on eurthquakes to Brit. Assoc, 
of recent earthquakes have been pub- 1860, 1862, and 1858, containing a 
liebed ; but as they do not illustnite any complete caUiioguo of known earth- 
new principle, I cannot insert thorn, as quekos from 1606 n.c. to a.d. 1842; 
they would enlarge too much the size of also remarks on the earthquakes of 
my work. The late Von Hoff published which accounts were published since 
from time to time, in Poggendorf s An- that time by Prof. Alexis Perrey, of 
nalen, lists of earthquakes which bap- Dijon. A continued series of accounts 
pened between 1821 and 1836 ; and, by of earthquakes and volcanic eruptions 
consulting these, the rentier will perceive by the last-mentioned author, drawn up 
that every month is siguslised by one vrith great care, since 1842, has been 
or many convulsions in some part of the published by the Boyal Academy of 
glolte. See also Mallet’s Dynamics of Belgium, with the discussion of their 
Earthquakes, Trans. Boy. Irish Acad, causes and See also Hoj^ns* 

1846; also Art. * Earthquakea,’ Ad- Bepckrt, Brit Assoc. 184 7-«. 
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was preriooslj deep wator, for large masses are said to hare 
slid down from the hiUs into the soa. The same writer 
informs ns that in 1847, the hnll of a vessel was discovered 
on the western coast of the Sooth Island. It was lying 200 
jards inland, and was supposed to be the * Active,’ which was 
lost in 1814. A small tree was growing through its bottom, 
and Mr. Taylor suggests that the coast had risen, so as to 
cause the ocean to retire to a distance of 200 yards ftom the 
old shore line, where the vessel had been stranded ; but a 
more precise investigation of the locality will be required 
before we can feel sure that the vessel was not carried in by 
a wave raised during the earthquake, for such waves have, 
in modern times, left much larger ships high and dry in 
the interior of Peru and some other countries.* (See p. 167.) 
The natives are said to have told our first settlers that they 
might expect a great earthquake every seven years ; and 
although such exact periodicity has by no means been veri- 
fied, the average number of violent shocks in a quarter of a 
century seems not to have fallen short of the estimate here 
referred to. 

In the course of the year 1856, I had an opportunity of 
conversing in London with three gentlemen, all well qualified 
as scientiBc observers, who were eye-witnesses of the tremen- 
dous earthquake experienced in January of the preceding 
year in New Zealand. These were, Mr. Edward Roberts, of 
the Royal Engineers department ; Mr. Walter Mantell, son 
of the celebrated geologist ; and Mr. Frederick A. Weld, a 
landed proprietor in the South Island. t The earthquake 
occurred in the night of January 23, 1855, and was most 
violent in the narrowest part of Cook Strait, a few miles to 
the S.E. of Port Nicholson (see Map, fig. 107, p. 84) ; but the 
shocks were felt by ships at sea 150 miles from the coast, 
and the whole area shaken of land and water is esti- 
mated at 360,000 square miles, an area three times as large 
as the British Isles. In the vicinity of AV ellington, in the 
North Island, a tract of land comprising 4,600 sqxuiro miles 

* Ear. R. Taylor, * Kev Ze&land and in the Bulletin de la 8oc« de 

ite Inhabltanta,' London, ISdd. France, 1866, p. 661. 

t Thif acoootit waa pnbliahed hj me 
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(not modi inferior to Tturkehire in dimenaions)) ii anpiK»ed 
bjr Mr. Boberta to have been permanently upraised from I to 
9 feet. There was no perceptible elevation on the coast 16 
miles N. of Wellington, bat fix>m that point to Penoarrow 
Head, on the east side, at the entrance of Port Nicholson 
(see Map, fig. 107), the amount of upheaval went on increasing, 
somewhat gradually, till it reached a vertical height of 9 feet 
along the eastern fiank of the Remutaka Mountaina This 
range terminates in Cook Strait, between Port Nicholson 
and Palliser Bay, in a lofty coast rising rapidly to heights 
about 4,000 feet above the sea. Here the vertical movement 
ceased abruptly along the base of these hills, not affecting 
the low country to the eastward, B, fig. 108, called the Plain 
of Wairarapa. The points of minimum and maximum eleva- 
tion from N.W. to S.E., in the district above alluded to, 
are about 23 miles apart, which therefore express the 
breadth of the upraised area. Mr. Roberts was employed 
professionally, before and after January 23, in executing 
several government works in the harbour of Port Nicholson 
and on the coast, and had occasion to observe minutely the 
changes in the level of the laud, which took place at mrious 


points, and especially in 
the sea-cliff, called Muka- 
Mnka, 12 miles S.E. of 
Wellington, where the 
eastern flank of the Remu- 
taka range, before de- 
scribed, terminates south- 
wards in Cook Strait. Here 



d 

JanctioD of argillite and tertiary strata at 
Muka^Muka cliff. ^ 


a distinct line of fault, C, d, a. Arginite. e, d, Luw of vertical 

fig. 108, was observed, the Tertur, 

rocks on one side A, being raised vertically 9 feet, while 
the strata B, on the other side of the fissure c, dy experienced 
no movement* The uplifted mass A consists, according 
to Mr. Walter Mantell, of argillite, having the ordinary 
composition of clay slate, but not laminated* It presents 
a cl^, several hundred feet high towards the straits, whereas 


* I give this section from the de- therefore be simply regandad a# sa «*•» 

icriptioii of mj infomiants, and it rnwnt plsnatcNry diagram* 
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the liorizontdllj staratified tertiarjr itmta exposed to the 
Mstward form a comparativelj low diff, not exceeding 80 
feet in height. These tertiary strata, which are of marine 
origin, did not, as already stated, participate in the upward 
morement. Mr. Boberts was able to measure accurately the 
amount of permanent upheaval in the older formation, by 
observing the altered position of a white band of nnUipores, 
with which the surface of the rock below the level of low 
tide had been coated. This white zone, a few hours after the 
earthquake, was found to be 9 feet above its former level. 
Previously to the shock, there had been no room to pass 
between the sea aud the base of the perpendicular clifiF 
called Muka*Mnka, except for a short time at low water, and 
as the herdsmen were obliged to wait for low tide in order 
to drive their cattle past the cliff, Mr. Roberts was engaged 
in constructing a road there. But immediately after the 
upheaval, a gently sloping raised beach, more than 100 feet 
wide, was laid dry, affording ample space at all states of the 
tide for tiie passage of man and beast. 

The junction of the older and newer rocks along the line 
of fault above described is marked in the interior of the 
country by a continuous escarpment running north and south 
along the base of the Rcmutaka Mountains, where the older 
rocks present a steep slope towards the east, or towards the 
great plain of the Wairarapa formed of the modem tertiary 
deposit before mentioned. The course of the fault along the 
base of the escarpment was rendered visible by a nearly per- 
pendicular cliff of fresh aspect 9 feet in height and traceable 
in an inland direction to the extraordinary distance of about 
90 miles, according to information given by Mr. Borlase, 
a settler who lived in the Wairarapa valley about 60 miles 
north of Cook Strait. It was marked, moreover, in many 
places by an open fissure into which cattle fell and could not 
in some cases be recovered, or by fissures from 6 to 9 feet 
broad, filled here and there with soft mud and loose earth. 
At the same time that this vertical movement took place on 
January 28, the harbour of Port Nicholson, about 12 miles to 
the westward of Muka-Muka cliff, together with the valley of 
the Hutt, was raised from 4 to 5 feet, the greater elevation 
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being on the eaetem, and the lesser on the western side of 
the harhonr. A rock called the Bailey Boob, a short distance 
from Evans Bay, was formerly 2 feet under water at the 
lowest lades, and a vessel having touched upon it, a buoy had 
been placed over it to mark its position. This rock projected 
after the shock nearly 3 feet above the surface of the water 
at low tide. The rise of the tide in the Hutt river was 
sensibly diminished by the earthquake. At the time of the 
convulsion great waves of the sea rolled in upon the coast, 
and for several weeks the tides were very irregular. Dead 
fish were left by a wave on the racecourse at Wellington, and 
Mr. Mantell states that others were also met with by several 
vessels in Cook Strait floating on the sea in surprising 
numbers, some of them of species never seen before by the 
fishermen. 

Mr. Weld, who resided south of the Straits in the South 
Island, informed me that, besides experiencing there the shock 
of the 23rd, he felt another next morning of equal violence, 
and waves of the sea rolled in along the coast for a distance 
of 50 miles. At a place called the Flags, between Cape 
Campbell and Waipapa (see Map), some men were loading a 
vessel with wood, when they saw distinctly an earthquake 
approaching them from a point called ‘the White Eocks,’ 
3 miles to the northward. Its approach was rendered visible 
by the rolling of stones from the top of the clifts, also by 
landslips and clouds of dust, and by the accompanying sea 
wave. Upon the whole it appears that the area convulsed in 
the South Island was not so extensive as that upheaved 
around Wellington, also that to the south of the Straits the 
direction of the movement was reversed, being for the most 
part a downward one. The valley of the Wairau, with parts 
of the adjoining coast, subsided about 5 feet, so that the tide 
flowed several miles farther up into the Wairau River than it 
formerly did, and ships taking in fresh water were obliged to 
go three miles farther up the river tft obtain a supply, than 
they did before the earthquake. 

There was no volcanic eruption, whether in the Northern 
or Southern Island, at the time of these events ; bat the 
natives allege that the temperature of the Tanpo hot springs 
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(•M null Maf , p. 84) wu muiblj elemted, just befoxe the 
e«ta«t»){die. 

I will now ocmolade this sketch of the changes produced 
in 1856 hj obserring that a question arose as to whether 
in the region about Port Nicholson the land, after it was 
upheared sereral feet in JannaiT’, sank again to some slight 
extent or a few inches in the course of or 8 months, or 
before September 1855. When Mr. Boberts left New Zealand, 
three months after the earthquake, there had been no sinking 
of the upraised land, and he felt persuaded that he could not 
hare failed to notice even a slight change of level had any 
occurred. He ascertained ten weeks after the shock that there 
had certainly been no subsidence whatever on the coast at 
Pencarrow Head, and the tides were so irregular long after the 
earthquake, in the harbour of Port Nicholson and elsewhere, 
that the supposed partial sinking of the coast which some 
believed to have taken place might perhaps be deceptive. It 
is surprising how soon the signs of a recent change of level on a 
coast are effaced to all eyes but those of the scientific observer, 
especially where there is a rise and fall of the tides. Rocks 
newly exposed soon begin to weather, and vegetation spreads 
over the emerged land, and a new beach, with all the charac- 
ters of the old one, is formed in a few months along the 
sea-margin. 

The geologist has rarely enjoyed so good an opportunity 
as that afforded him by this convulsion in New Zealand, 
of observing one of the steps by which those great dis- 
placements of the rocks called ‘ faults ’ may in the course of 
ages be brought about. The manner also in which the 
upward movement increased from north-west to south-east 
explains the manner in which beds may be made to dip more 
and more in a given direction by each successive shock. 

An independent witness of the earthquake of January 1855, 
a civil engineer, says in a letter to Mr. Robert Mallet that Hhe 
first and greatest shock of January 23 lasted about a minute 
and a half. All the brick buildings in Wellington were 
overthrown, as well as the bridge over the Hntt. The hillsides 
opposite Wellington, those of the Remutaka range, were much 
shaken, as evidenced by the many bare patches with which 
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iliey ww olieqiia«d, follj to the extent of <»w-tliird of their 
■orfiMse, whence trees had been shaken oft’ The gronnd in 
this range, he says, was more TioleniJ.j shaken than in 
Wellingtra, and the direction of the shock was N.£. andS.W., 
agreeing withthat of the chain of hills. After the shook the 
tide did not come at high water within 8 or 4 feet of its 
former height.* 

Mr. Weld was in the South Island during the prerious 
earthquake of 1848, and he informed me that a g^eat rent was 
then caused in a chain of mountains varying in height from 
1,000 to 4,000 feet, which run southwards from the White Bluff 
in Cloudy Bay and may be considered a prolongation of the 
liemotaka or Tararna chain above alluded to. (See Map, p. 84.) 
This fissure of 1848 was not more than 18 inches in average 
width, but was remarkable for its lengtli, for it was partly 
traced by Mr. Weld, and partly by observers on whom ho 
could rely, for 60 miles, striking north-north-east and south- 
south-west in a line parallel to the axis of the chain. 

Syria, January, 1 837. — It has been remarked that earth- 
quakes aflect elongated areas. The violent shock which 
devastated Syria in 1837 was felt on a line 500 miles in 
length by 90 in breadth : f more than 6,000 persons perished ; 
deep rents were caused in solid rocks, and new hot springs 
burst out at Tabereah. 

Chili — Valdivia, 1837. — One of the earthquakes by which 
in the present century the position of land is kno.wn to have 
been permanently altered is that which occurred in Chili, on 
November 7, 1837. On that day Valdivia was destroyed, 
and a whaler, commanded by Captain Coste, was violently 
shaken at sea, and lost her masts, in lat. 43° 38' S., in sight of 
the land. On the following 11th of December the captain 
went to a spot near the island of Lemus, one of the Cbonos 
archipelago, where he had anchored two years before, and he 
there found that the bottom of the sea had been raised more 
than 8 feet. Some rocks formerly covrt’ed at all times by the 
sea were now constantly exposed, and an enormous quantity 
of shells and fish in a decaying state, which had been thrown 

* Eeports of Brit. Aiwoc. 1858, p. 105. 

t Darwin, GeoL Proceeiingi, voL ii. p. 858* 
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tlutfe by tbe wftve^ or soddeniy laid dry during the earth- 
quake, attested the recent date of the occurrence. The whole 
coast was strewn with uprooted trees.* 

C^iU — ConcepHon, 1835. — Fortunately we hare a still more 
detailed account of the geographical changes produced in 
the same country on February 20, 1835. An earthquake 
was then felt at all places between Copiapo and Chiloe, 
nearly 1,000 miles from north to south, and from Mendoza to 
Juan Fernandez, al>out 500 miles from east to west. ‘ Vessels,’ 
says Mr. Caldcleugh, ‘navigating the Pacific, within 100 
miles of the coast, experienced the shock with considerable 
force.’ t Conception, Talcahuano, Chilian, and other towns, 
were thrown down. From the account of Captain Fitz Roy, 
R.N., who was then employed in surveying the coast, we 
learn that after the shock the sea retired in the Bay of 
Conception, and the vessels grounded, even those which had 
been lying in seven fathoms water : all the shoals were visible, 
and soon afterwards a wave rushed in and then retreated, 
and was followed by two other waves. The vertical height 
of these waves does not appear to have been much greater 
than 16 or 20 feet, although they rose to much greater 
heights when they broke upon a sloping beach. 

According to Mr. Caldcleugh and Mr. Darwin, the whole 
volcanic chain of the Chilian Andes, a range 1,300 miles iu 
length, was in a state of unusual activity, both during the 
shocks and for some time preceding and after the convulsion, 
and lava was seen to flow from the crater of Osomo. (See 
Map, fig. 109.) The island of Juan Fernandez, distant 365 
geographical miles from Chili, was violently shaken at the 
same time, and devastated by a gi’cat wave. A submarine 
volcano broke out there near Bacalao Head, about a mile from 
the shore, in 69 fathoms water, and illumined tbe whole island 
during the night, t 

‘At Conception,’ says Captain Fitz Roy, ‘ the earth opened 
and closed rapidly in numerous places. The direction of the 
cracks was not uniform, though generally from south-east to 

* Damoulin, ComptM Bendua de f Phil. Trans. 1836, p. 21. 

I’Acad. dea Sei. Oct. 1838, p. 706. t ^826. 
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north-west. The earth was not quiet for three days after the 
great shock, and more than 800 shocks were counted between 
February 20 and March 4. The loose earth of the valley of 
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i;li0 fitoUo WM everj^bere parted from the eolid rocks whidi 
bound the plain, there being an opening between them from 
an inch to a foot in width. , 

* For some dajs after Februarj 20, the sea at Talcahnano,’ 
says Captain Fits Boy, ‘ did not rise to the usual marks by 
4 or 6 feet vertically. When walking on the shore, even at 
high water, beds of dead mussels, numerous chitons, and 
limpets, and withered sea-weed, still adhering, though life- 
less, to the rocks on which they had lived, everywhere met 
the eye.’ But this difference in the relative level of the land 


1%. no. 



Part of Chili altered by Earthquake of February, 1835. 


and sea gradually diminished, till in the middle of April the 
water rose again to within 2 feet of the former high-water 
mark. It might be supposed that these changes of level 
merely indicated a temporary disturbance in the set of the 
currents, or in the height of the tides at Talcahnano ; but, on 
considering what occurred in the neighbouring island of Santa 
Maria, Captain Fits Boy concluded the land had been raised 
4 or 5 feet in February, and that it had returned in April 
to within 2 or 8 feet of its former leveL 
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Santa Mam, the ialaad jost aHaded to, is aboat 7 
nulea long and 2 broad, and abont 25 miles sonth-west of 
Conception. (See Map, p. 92.) The phenomena observed 
there are most important. 'It appeared,* says Captain 
Fits Boy, who visited Santa Maris twice, the first time 
at the end of March, and afterwards in the beginning 
of April, 'that the southern extremity of the island had 
been raised 8 feet, the middle 9, and the northern end 
upwards of 10 feet. On steep rocks, where vertical measure- 
ments could be correctly taken, beds of dead mussels were 
found 10 feet above high-water mark. 

‘An extensive rocky flat lies around the northern parts of 
Santa Maria. Before the earthquake this flat was covered 
by the sea, some projecting rocks only showing themselves. 
Now, the whole flat is exposed, and square acres of it are 
covered with dead shell-fish, the stench arising from which 
is abominable. By this elevation of the land the southern 
port of Santa Maria has been almost destroyed ; little shelter 
remaining there, and very bad landing.’ The surrounding 
sea is also stated to have become shallower in exactly the 
same proportion as the land had risen ; the soundings having 
diminished a fathom and a half everywhere around the 
island. 

At Tubal, also, to the south-east of Santa Maria, the land 
was raised 6 feet, at Mocha 2 feet, but no elevation could 
be ascertained at Valdivia. 

Among other effects of the catastrophe, it is stated that 
cattle standing on a steep slope, near the shore, were rolled 
down into the sea, and many others were washed off by the 
great wave from low land and drowned.* 

In November of the same year (1835), Conception was 
shaken by a severe earthquake, and on the same day Osomo, 
at the distance of 400 miles, renewed its activity. These 
&cts prove not only the connection of earthquakes with 
volcanic eruptions in this regpon, but lilso the vast extent of 
the subterranean areas over which the disturbing cause acts 
simultaneously. 

Bay of Naples — Ischia^ 1828. — On February 2, the whole 

♦ Danriii's Journ. of Traveln in South America, Vojrege of * Beagle/ p, 
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idand of Itehia waa abaken bj ao eartbqnake, and in tbe 
October following I found all the bonaes in Caaamieciol atill 
witbont iheir roofa. On the aidea of a ravine between that 
town and Forio, 1 aaw maasea of greeniab toff which had been 
thrown down. Tbe bot-apring of Bita, which waa nearest 
the centre of the movement, was ascertained bj M. Covelli 
to have increased in temperature, showing, as he observes, 
that the explosion took place below the reservoirs which heat 
tbe thermal waters.* 

Bogota, 1827. — On November 16, 1827, the plain of Bogota, 
in New Granada, or Colombia, was convulsed bj an earth- 
quake, and a gfreat number of towns were thrown down. 
Torrents of rain swelled the Magdalena, sweeping along 
vast quantities of mud and other substances, which emitted a 
sulphurous vapour and destroyed the fish. Popayan, which 
is distant 200 geographical miles S.S. VV. of Bogota, suflFered 
greatly. Wide crevices apj>eared in the road of Guanacas, 
leaving no doubt that the whole of the Cordilleras sustained 
a powerful shock. Other fissures opened near Costa, in the 
plains of Bogota, into which the river Tunza immediately 
began to flow.t Extraordinarj' rains accompanied the shocks 
before mentioned ; and two volcanos ai*e said to have been in 
eruption in the mountain-chain nearest to Bogota. 

Chili, 1822. — On November 19, 1822, tl»e coast of Chili 
was visited by a most destructive earthquake. The shock 
waa felt simultaneously tliroughout a space of 1,200 miles 
from north to south. St. Jago, Valparaiso, and some other 
places were greatly injured. When the district round 
Valparaiso was examined on the morning after the shock, it 
was found that the coast for a considerable distance was 
raised above its former level. ^ At Valparaiso, the elevation 
was 3 feet, and at Quintero about 4 feet. Part of the bed 
of the sea, says Mrs. Graham, remained bare and dry at 
high water, ‘ with beds of oysters, mussels, and other shells 
adhering to the rooks on which they grew, the fish being all 
dead, and exhaling most offensive effluvia.’ § 

• Biblkyth. Unir, Oct. 1828, p. 175. Journ. of Sci, 1824, vol. xrii. p. 40. 

t Phil Mur. July. 1828, p. 87. § Owl Tram. toI. i, 2nd ser. p. 415. 

1 Guol Tran«, toI. i. 2iid ser., and 
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An old wreck of a ship, which before could not he ap- 
proached, became accessible i^m the land, althoagh its 
distance &om the original sea-shore had not altered. It was 
observed that the watercourse of a mill, at the distance of 
about a mile from the sea, gained a fall of 14 inches in little 
more than 100 yards ; and from this fact it is inferred that 
the rise in some parts of the inland country was far more 
considerable than on the borders of the ocean.*' Part of the 
coast thus elevated consisted of granite, in which parallel 
fissures were caused, some of which were traced for a mile 
and a half inland. Cones of eartli about 4 feet high were 
thrown up in several districts, by the forcing up of water 
mixed with sand through funnel-shaped hollows, — a pheno- 
menon very common in Calabria, and the explanation of 
which will hereafter be considered. Those houses in Chili of 
which the foundations were on rock, were less damaged than 
such as were built on alluvial soil. 

Mr. Cruickshanks, an English botanist, who resided in the 
country during the earthquake, has informed me that some 
rocks of greenstone at Quintero, a few hundred yards from 
the beach, which had always been under water till the shock 
of 1822, have since been uncovered when the tide is at half- 
ebb ; and he states that, after the earthquake, it was the 
general belief of the fishermen and inhabitants of the Chilian 
coast, not that the land had risen, but that the ocean had 
permanently retreated. 

Dr. Meyen, a Prussian traveller, who visited Valparaiso in 
1831, says that on examining the rocks both north and south 
of the town nine years after the event, he found, in corrobo- 
ration of Mrs. Graham’s account, that remains of animals, 
and sea-weed, the Let$onia of Bory de St. Vincent, which 
has a firm ligneous stem, still adhered to those rocks which 
in 1822 had been elevated above high-water mark.t Ac- 
cording to the same author, the whole coast of Central Chili 
was raised about 4 feet, and banks of marine shells were laid 
dry on many parts of the coast. He observed similar banks, 
elevated at unknown periods, in several places, especially at 

* Journ. otSd. rol. xrii. p. 42. Meyeo’* letter cited Foreign Quart, B»r. 

t Beiae nm die Erde ; and aee Dr. No. 33, p. 13, 1836. 
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Oopiwpo, where the epeeks all agree with thoM now liTiiigi!i 
Urn ocean, Mr. Freyer alao, who resided acme yeara in 
Sotiih America, haa confirmed theae atatementa and Mr* 
Darwin obtained evidence that the remaina of an ancient 
wall, formerly washed by the sea, and now 11^ feet above 
high-water mark, acquired Several feet of this elevation 
during the earthquake of 1822.t 

The shocks continued up to the end of September 1823; 
even then, 48 hours seldom passed without one, and some- 
times two or three were felt during 24 hours* Mrs. Graham 
observed, after the earthquake of 1822, that besides a beach 
newly raised above high-water mark, there were several older 
elevated lines of beach, one above tlie other, consisting of 
shingle mixed with shells extending in a parallel direction to 
the shore, to the height of 50 feet above the sea.J 

Extent of country elevated , — By some observers it has been 
supposed that the whole country from the foot of the Andes 
to a great distance under the sea was upraised in 1822, the 
greatest rise being at the distance of about 2 miles from the 
shore. * The rise iipon the coast was from 2 to 4 feet: — at 
the distance of a mile inland it must have been from 5 to 6 
or 7 feet.’ § It has also been conjectured by the same eye- 
witnesses to the convulsion, that the area over which this 
permanent alteration of level extended may have been equal 
to 100,000 square miles. Although the increased fall of 
certain watercourses may have afforded some ground for 
this conjecture, it must be considered as very hypothetical, 
and the estimate may have exceeded or greatly fallen short 
of the truth. It may nevertheless be useful to reflect on the 
enormous amount of change which this single convulsion 
occasioned, if the extent of country moved upward really 
amounted to 100,000 square miles, — an extent just equal to 
half the area of Prance, or about five-sixths of an area of 
Great Britain and Ireland. If we suppose the elevation to 
have been only 8 feet on an average, it will be seen that the 
mass of rock added to the continent of America by the move- 

* Proc. Geol. Soc. No. xl p. 179. p. 415. 

Feb. 1885. § Journal of Science, vol. xvil. pp. 

t Proc. Geol. Soc. vol. ii. p. 447. 40, 45. 

} Trana. Geol. Soc. tbi. i. 2nd m., 
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HMfity or, in other words, the hum prerioxudy bdow the level 
of the seei, end after the shodbi permanentlj above it, mnst 
have contained 57 cobio miles in balk} which woold be 
soffident to form a conical mountain 2 miles high (or about 
as high as Etna), with a circnmference at the base at nearly 
33 miles. We may take the mean specific gravity of the 
rock at 2*655, — a ftir average, and a convenient one in such 
computations, because at such a rate a cubic yard weighs 2 
tons. Then, assuming the Great Pyramid of Egypt, if solid, 
to weigh, in' accordance with an estimate before given, 

6.000. 000 tons, we may state the rock added to the continent 
by the Chilian earthquake to have more than equalled 
100,000 Pyramids. 

But it must always be borne . in mind that the weight of 
rock here alluded to constituted but an insignificant part of 
the whole amount which the volcanic forces had to overcome. 
The thickness of rock between the surface of Chili and the 
subterranean foci of volcanic action may be many miles or 
leagues deep. Say that the thickness was only 2 miles, even 
then the mass which changed place and rctse 3 feet, being 
2(K),000 cubic miles in volume, must have exceeded in weight 

368.000. 000 Pyramids. 

It may be instructive to consider these results in connectioii 
with others already obtained from a different source, and to 
compare the working of two antagonist forces — the levelling 
power of running water, and the expansive energy of sub- 
terranean heat. How long, it may be asked, would the Ganges 
require, according to data before explained from observations 
made 600 miles up the river, at Ghazepoor (Vol. I. p. 479), 
to transport to the sea a quantity of solid matter equal to 
that which may have been added to the land by the Chilian 
earthquake? The discharge of mud in one year by the 
Ganges at its mouth (see Vol. I. p. 481) was estimated at 

20.000. 000.000 cubic feet. According to that estimate it 
would require about 4 centuries (or 418 years) before the 
river could bear down firom the continent into the sea a macs 
equal to that gained by the Chilian earthquake. In about 
hsdf that time, perhaps, the united waters of the Ganges and 
Burrampooter might accomplish the operation. 

n. H 
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! of Cwteh, 1819. — A Tiolent eoxtbqnake occon«d 
at Catcb, iti the delta of the Indus, on June 16, 1819. (See 
Ifop, Mg. 111.) The principal town, Bhooj, was oonrerted into 
a h^p of ruins, and its stone buildings were thrown down. 
The movement was felt over an area having a radius of 1,000 
miles from Bhooj, and extending to Khatmandoo, Calcutta, 
and Pondicherry.* The vibrations were felt in North-West 
India, at a distance of 800 miles, after an interval of about 
15 minutes after the earthquake at Bhooj. At Ahmedabad 
the greaj. mosque, erected by Sultan Ahmed nearly 450 years 

Fig. 1 U . 



before, fell to the ground, attesting how long a period had 
elapsed since a shock of similar violence had visited that 
point. At Anjar, the fort, with its tower and guns, were 
hurled to the ground in one common mass of ruin. The 
shocks continued until the 20th ; when, 30 miles north-west 
from Bhooj, the volcano called Denodur is said by some to 

^ See Asiatic Journal, rol. i. 
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bare sent foHb flames, bat Captain Grant, when in Cutcb in 
1838, was nnable to authenticate this statement. 

Although the ruin of towns was great, the face of nature 
in the inland country, says Captain (GenepI) Maomiirdo, was 
not visibly altered. In the hills some large masses only of rock 
and soil were detached trom the precipices ; but the eastern 
and almost deserted channel of the Indus, which bounds the 
province of Cutch, was greatly changed. This estuary, or inlet 
of the sea, was, before the earthquake, fordable at Luckput, 
being only about 1 foot deep when the tide was at ebb, and 
at flood tide never more than 6 feet ; but it was deepened at 
the fort of Luckput, after the shock, to more than 18 feet at 
low water.* On sounding other parts of the channel, it was 
found, that where previously the depth of the water at flood 
never exceeded 1 or 2 feet, it had become from 4 to 10 feet 
deep. By these and other remarkable changes of level, a 
part of the inland navigation of that country, which liod 
been closed for centuries, became again practicable. 

Fort and village mhmerged . — The fort and village of Sindree, 
on the eastern arm of the Indus, above Luckput, are stated 
by the same writer to have been overflowed ; and, after the 
shock, the tops of the houses and wall were alone to be seen 
above the water, for the houses, although submerged, were 
not cast down (see fig. 113, p. 102). Had they been situated, 
therefore, in the interior, w’here so many forts were levelled 
to the ground, their site would, perhaps, have been regarded 
as having remained comparatively unmoved. Hence we 
may suspect that great permanent upheavings and depres- 
sions of soil may be the result of earthquakes, without the 
inhabitants being in the least degree conscious of any change 
of level. 

A more recent survey of Cutch, by Sir A. Bumes, who was 
not in communication with Captain Macmurdo, confirms the 
facts above enumerated, and adds many imjwrtant detailat 
That officer examined the delta of tlfe Indus in 1826 and 
1828, and irom his account it appears that, when Sindree 
subsided in June 1819, the sea flowed in by the eastern 

* MaemurdOfEd.Phil. Jouro. ir. 206. bniry of the Ro^al Aiiiitic Society of 

tThis memoir it now in the li* London. 
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nWntib ci tiie Indns, Bad in a few hou* oonrerted a Ixact of 
land* 2,000 eqaare miles in area, into an inland sea, or lagoon. 
Neitlier the rash of the sea into this new depression, nor the 
movement of the ^^^hqnake, threw down entirelj the small 
fort of Sindree, one of the fonr towers, the north-western, 
stidl continuing to stand ; and, the day after the earthquake, 

Fig. 112. 



Fort of Sindrei', on the mutorn bmnch of th« Indtu, before it wn* sttbmeiged by 
the eurthqvmke of 1819, from h sket-ch by Capt. Grindlay, made in 1808.* 

the inhabitants, who hod ascended to the top of this tower, 
saved themselves in boats.f 

Elevation of the UUah Bund , — Immediately after the shock, 
the inhabitants of Sindree saw at the distance of miles 
from their village, a long elevated mound, where previously 
there had been a low and perfectly level plain, (See Map, 
p, 98.) To^this uplifted tract they gave the name of ^ UUah 
Bund,^ or the ^ Mound of God,^ to distinguish it from several 
artificial dams previously thrown across the eastern arm of 
the Indus. 

• I was indebted to mTfifiendthf late t Several particular not given in 

Sir Alexander Bnmee for the accom- the earlier edition were afterwards ob- 
panying sketch (fig, 112) of the fort of tained by me from personal com- 
Sindree, as it appeared eleven years mnnication with Sir A. Bumes in 
before the earthquake. London. 
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Esi^mit of ommfrjf ratMcI. — has been aaoertained that this 
new-raised coantrjr is ujnoardo of fifty mUet in length from 
east to west, running parallel to t^t line of subsidence 
before mentioned which caused the grounds around Sindree 
to be flooded. The range of this elevation extends from 
Pnchum Island towards Qharee ; its breadth from north to 
sooth is conjectured to be in some parts nxteen ntilea, and its 
greatest ascertained height above the original level of the 
delta is 10 feet, — an elevation which appears to the eye to 
be very uniform throughout. 

For several years after the convulsion of 1819, the course 
of the Indus was very unsettled, aud at length, in 1826, the 
river threw- a vast body of water into its eastern arm, that 
called the Phurraun, above Sindree ; and forcing its way in a 
more direct course to the sea, burst through all the artificial 
dams which had been thrown across its channel, and at length 
cut right through the ‘Ullah Bund,’ whereby a natural section 
was obtained. In the perpendicular cliffs thus laid oi)en Sir 
A. Burnes found that the upraised lands consisted of clay 
filled with shells. The new channel of the river where it 
intersected the ‘bund* was 18 feet deep, and 40 yards in 
width; but in 1828 the channel was still farther enlarged. 
The Indus, when it first opened this new ptissage, threw 
such a body of water into the new more, or salt lagoon, of 
Sindree, that it became fresh for many months ; but it had 
recovered its saltness in 1828, when the supply of river-water 
was less copious, aud finally it became more salt than the sea, 
in consequence, as the natives suggested to Sir A. Burnes, of 
the saline particles with which the ‘ Runn of Cutch * is im- 
pregnated. 

In 1828 Sir A. Burnes went in a boat to the ruins of 
Sindree, where a single remaining tower was seen in the 
midst of a wide expanse of sea. The tops of the ruined 
walls still rose 2 or 3 feet above the level of the water ; and 
standing on one of these, he could* behold nothing in the 
horizon but water, except in one direction, where a blue 
streak of land to the north indicated the Ullah Bund. This 
scene presents to the imagination a lively picture of the revo- 
lutions now in progress on the earth — a waste of waters where 
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a £»w years before all was land, and the only land risible 
oonnsting of ground uplifted by a recent earthquake. 

Ten years after the visit of Sir A. Bumes above alluded to, 
iny Mend Captain Grant, F.6.S., of the Bombay Engineers, 
had the kindness to send at my request a native surveyor to 
make a plan of Sindree and the Ullah Bund, in March, 1838. 
From hb description it appears that, at that season, the 
driest of the whole year, he found the channel traversing the 
Bond to be 100 yards wide, without water, and encrusted 
with salt. He was told that it has now only 4 or 5 feet of 
water in it after rains. The sides or banks were nearly 
perpendicular, and 9 feet in height. The lagoon has 


Fig, 113, 



\’iow of tbu Fort of Sindree, from the west, in March, 1838. 


diminished both in area and depth, and part near the fort 
was dry land. The annexed drawing, made by Captain 
Grant from the surveyor’s plan, shows the appearance of the 
fort in the midst of the lake, as seen in 1838 from the west, 
or from the same point as that from which Captain Grindlay’s 
sketch (see fig. 112) was taken in 1808, before the earth- 
quake. 

The Bunn of Cutch is a flat region of a very peculiar 
character, and no less than 7,000 square miles in area : a 
greater superficial extent than Yorkshire, or about one- 
fourth the area of Ireland. It is not a desert of moving 
sand, nor a marsh, but evidently the dried-up bed of an 
inland sea, which for a great part of every year has a hard and 
dry bottom without vegetation or only supporting here and 
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tiiare a few tamarisks, fiat dorui|r the monsoons, when the 
sea rons high, the salt water driren op fiom the Gtilf of 
CTatch and the creeks at Lockpat overflows a large part of the 
Bonn, especiaUj after raius, when the soaked groond permits 
the sea-water to spread rapidly. The Bonn is also liable to 
be overflowed occasionally in some parts by river-water : and 
it is remarkable that the only portion which was ever highly 
cultivated (that anciently called Sayra) is now permanently 
submerged. The surface of the Runn is sometimes encrusted 
with salt about an inch in depth, in consequence of the 
evaporation of the sea-water. Islands rise up in some parts 
of the waste, and the boundary lands form bays and promon- 
tories. The natives have various traditions respecting tlie 
former separation of Cutch and Sinde by a bay of the sea, 
and the drj'ing up of the district called the Runn. But these 
tales, besides the usual uncertainty of oral tradition, are 
farther obscured by mythological fictions. The conversion 
of the Runn into land is chiefly ascribed to the miraculous 
powers of a Hindoo saint by name Damorath (or Dhooruii- 
nath), who had previously done i)enanee for twelve years on 
the summit of Denodur hill. Captain Grant infers, on various 
grounds, tliat this saint flourished about the 11th or 1 2th 
century of our era. In proof of the drying up of the Runn, 
some towns far inland are still pointed out as having once 
been ancient ports. It has, moreover, been always said that 
ships were wrecked and engulphed by the great catastrophe ; 
and in the jets of black muddy water thrown out of fissures 
in that region, in 1819, there were cast up numerous pieces of 
wrought iron and ship nails.* Cones of sand 6 or 8 feet in 
height were at the same time formed on these lands.! 

We most not conclude without alluding to a moral phe- 
nomenon connected with this tremendous catastrophe, which 
highly deserves the attention of geologists. It is stated by 
Sir A. Bumes, that ‘ these wonderful events passed unheeded 
by the inhabitants of Cutch ; ' for the region convulsed, though 
once fertile, had for a long period been reduced to sterility by 
want of irrigation, so that the natives were indifferent as to 

* Capt. Burnet* Aoeonni. 

t Capt. 3Iacmiirdo'ji Memoir, Ed. Phil Journ. voL ir. p. lOfi, 
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its &te. Now it is to thu profoond whidb all but 

bigblj milised nations feel, in regard to physical events 
not having an immediate influence on their worldly fortunes, 
that we mast ascribe the extraordinary dearth of historical 
inf<mnation concerning changes of the earth’s surface, which 
modem observations show to be by no means of rare occuiv 
rencc in the ordinary course of nature. 

Since the above account was written, a description has 
been published of more recent geographical changes in the 
district of Cutch, near the mouth of the Koree, or eastern 
branch of the Indus, which happened in June 1845. A large 
area seems to have subsided, and the Sindree lake had become 
u salt marsh.* 

[gland o f Sumbawa, 1815. — In April 1815, one of the most 
frightful eruptions recorded in history occurred in the province 
t*f Toraboro, in the island of Sumbawa (see Map, fig. 65, 
Vol. I. p. 587), about 200 miles from the eastern extremity 
of Java. In April of the preceding year the volcano had 
l)een observed in a state of considerable activity, ashes having 
fallen ujxJii tlie decks of vessels which sailed piist the coast.t 
The eruption of 1815 began on April 5th, but was most 
violent on the 11th and 12th, and did not entirely cease till 
July. The sound of the explosions was heard in Sumatra, 
at the distance of 970 geogniphical miles in a direct line ; 
and at Ternate, in an opposite direction, at the distance of 
720 miles. Out of a population of 12,000, in the province of 
Tomboro, only 26 individuals survived. Violent whirlwinds 
carried up men, horses, cattle, and whatever else came within 
their influence, into the air; tore up the largest trees by the 
roots, and covered the whole sea with floating timber. 
Gi’eat tracts of land were covered by lava, several streams of 
which, issuing from the crater of the Tomboro Mountain, 
reached the sea. So heavy was the fall of ashes, that tliey 
broke into the Resident’s house at Bima, 40 miles east of 
the volcano, and rendered it as well as many other dwellings 
in the town uninhabitaUe. On the side of Java the ashes 
were carried to the distance of 800 miles, and 217 towards 

* Qimrt. Geol. Joura. Tol, ii. p, 103. J Rafflea’s Java, vol. i. p. 28. 

t MS. of J. Cmw&xd, Esq. 
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Cdlebei^ in anffieient qnantiity to darken the air« The floating 
einders to the westward of Sumbawa formed, on April 12th, 
a mass 2 feet thick, and several miles in extent, through which 
ships with difficulty forced their way* 

The darkness occasioned in the daytime by the ashes in 
Java was so profound, that nothing equal to it was ever 
witnessed in the darkest night. Although this volcanic dust 
when it fell was an impalpable powder, it w’as of consider- 
able weight when compressed, a pint of it weighing twelve 
ounces and three-quarters. * Some of tlie finest particles,’ 
says Mr. Crawfurd, ‘were transported to the islands of 
Amboyna and Banda, which last is about 800 miles east 
from the site of the volcano, although the south-east mon- 
soon was then at its height.’ They must have been projected, 
therefore, into the upper regions of the atmosphere, where 
a counter-current prevailed. 

Along the sea-coast of Sumbawa and the adjacent isles, 
the sea rose suddenly to the height of from 2 to 12 feet, a 
great wave rushing up the estuaries, and then suddenly 
subsiding. Although the wind at Bima was still daring the 
whole time, the sea rolled in upon the shore, and tilled the 
lower parts of the houses with water a foot deep. Every 
prow and boat was forced from the anchorage, and driven 
on shore. 

The town called Tomboro, on the west side of Sumbawa, 
was overflowed by the sea, which encroached upon the shore 
so that the water remained permanently 18 feet deep in 
places where there was land before. Here we may observe, 
that the amount of subsidence of land was apparent, in spite 
of tlie ashes, which would naturally have caused the limits of 
the coast to be extended. 

The tremulous noises and other volcanic effects of this 
eruption extended over an area 1,0U0 statute miles in 
diameter, having Sumbawa as its centre. It included the 
whole of the Molucca Islands, Java^ a considerable portion of 
Celebes, Sumatra, and Borneo. In the Island of Amboyna, 
in the same month and year, the ground opened, threw out 
water, and then closed again.* 

• JUiSe«» Hiitt. of Java, roL i. p. 26, Ed. Phil. Jouro, rol iii. p. SS9« 
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In isondtisioii, I majr remind the reader, that bat for the 
accidental presence of Sir Stamford Baffles, then governor of 
Java, we shonld scarcely have heard in Europe of this 
tremendous catastrophe. He required all the residents in 
the various districts under his authority to send in a state- 
ment of the circumstances which occurred within their own 
knowledge ; but, valuable as were their communications, they 
are often calculated to excite rather than to satisfy the 
curiosity of geologists. They mention that similar effects, 
though in a less degree, had, about seven years before, accom- 
panied an eruption of Carang Assam, a volcano in the island 
of Bali, west of Sumbawa ; but no particulars of that great 
catastrophe are recorded.* 

CaraccaSf 1812. — On March 26, 1812, several violent 
shocks of an earthquake were felt in Caraccas. The surface 
undulated like a boiling liquid, and terrific sounds were heard 
underground. The whole city with its splendid churches 
was in an instant a heap of ruins, under which 10,000 of the 
inhabitants were buried. On April 6, enormous rocks were 
detached from the mountains. It was believed that the 
mountain Silla lost from 300 to 360 feet of its height by 
subsidence ; but this was an opinion not founded on any 
measurement. On April 27, a volcano in St. Vincent’s threw 
out ashes; and, on the 30th, lava flowed from its crater into 
the sea, while its explosions were heard at a distance equal 
to that between Vesuvius and Switzerland, the sound being 
transmitted, as Humboldt supposes, through the ground. 
During the earthquake which destroyed Caraccas, an immense 
quantity of water was thrown out at Valecillo, near Valencia, 
as also at Porto Caballo, through openings in the earth ; 
and in the Lake Maracaybo the water sank. Humboldt 
observed that the Cordilleras, comj> 08 ed of gneiss and mica 
slate, and the country immediately at their foot, were more 
violently shaken than the plains, t 

South Carolina and Nexo Madrid^ MissouH^ 1811-12. — 
Previous to the destruction of La 6ua}Ta and Caraccas, in 
1812, earthquakes were felt in South Carolina; and the 

♦ Life and Services of Sir Stamford t Humboldt e Pers. Nar. vol.iv.p. 12 ; 
BaiBee, p. 2il. London, 1830. and £d. Phil. Joum. vol. i, p. 272, 1810. 
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shocks contmued tiU those cities were destroyed* The valley 
also of the Mississippi, from the village of New Madrid 
to the mooth of the Ohio in one direction, and to the St* 
Francis in another, was convulsed in such a degree as to 
create new lakes and islands. It has been remarked by 
Humboldt in his ^ Cosmos/ that the earthquake of New Madrid 
presents one of the few examples on record of the incessant 
quaking of the ground for several successive months far from 
any volcano. Flint, the geographer, who visited tijje country 
seven years after the event, informs us, that a tract of many 
miles in extent, near the Little Prairie, became covered with 
water 3 or 4 feet deep ; and virhen the water disappeared 
a stratum of sand was left in its place. Large lakes of 
20 miles in extent were formed in the course of an hour, 
and others were drained. The graveyard at New Madrid 
was precipitated into the bed of the Mississippi ; and it is 
stated that the ground whereon the town is built, and the 
river bank for 15 miles above, sank 8 feet below their forim?r 
level.* The neighbouring forest presented for some years 
afterwards ‘a singular scene of confusion; the trees standing 
inclined in every direction, and many having their trunks 
and branches broken. ’t 

The inhabitants relate that the earth rose in great undu- 
lations ; and when these reached a certain fearful height, the 
soil burst, and vast volumes of w ater, sand, and pit-coal were 
discharged os high as the tops of the trees. Flint saw 
hundreds of these deep chasms remaining in an alluvial soil, 
seven years after. As the shocks lasted throughout a period 
of three months the country people had time to remark that 
there were certain prevailing directions in which the fissures 
opened in their district. B<nng all of them familiar with the 
use of the axe, they felled the tallest trees and made them fall 
at right angles to the direction of the chasms, which usually 
ran from S.W. to N.E., and by stationing themselves on the 
trees they often escaped being swallbwed up when the earth 
opened beneath them. At one period during this earthquake, 

♦ Cramer 8 Kavigator, p. 243. PitU- t Long h Exped. to the Rocky Mouti* 
burg, 1821. ulna, rol. iii. p. 184. 
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ifronnd not hx below New Madrid swelled tip so as to 
arrest the Miwissippi in its coarse, and to cause a temporaiy 
reflux of its waters. The motion of some of the shocks is 
described as having been horizontal, and of others perpen* 
dicular ; and the vertical movement is said to have been 
much less desolating than the horizontal. 

The above account has been reprinted exactly as it 
appeared in former editions of this work, compiled from the 
authi^rities which I have cited ; but having more recently 
(March, 184(i) hod an opportunity myself of visiting the 
disturbed region of the Mississippi, and conversing with many 
eye-witnesses of the catastrophe, I am able to confirm the 
truth of those statements, and to add some remarks on the 
present face and features of the country. I skirted, as was 
before related (Vol. I. p. 458), part of the territory immediately 
west of New Madrid, called ‘ the sunk country,’ which was 
for the first time permanently submerged during the earth- 
quake of 1811-12. It is said to extend along the course of 
the White Water and its tributaries for a distance of between 
70 and 80 miles north and south, and 80 miles east and west. 
I saw on its border many full-grown trees still standing 
leafless, the bottoms of their trunks several feet under water, 
and a still greater number lying prostrate. An active vege- 
tation of aquatic plants is already beginning to fill up some 
of the shallows, and the sediment washed in by occasional 
floods when the Mississippi rises to an extraordinary height 
contributes to convei't the borders of the sunk region into 
marsh and forest land. Even on the dry ground along the 
confines of the submerged area, I observed in some places 
that all the trees of prior date to 1811 were dead and leafless, 
though standing erect and entire. They are supposed to 
have been killed by the loosening of their roots during the 
repeated undulations which passed through the ground for 
three months in succession. 

Mr. Bringier, an experienced engineer of New Orleans, who 
was on horseback near New Madrid when some of the 
severest shocks were experienced, related to me (in 1846), 
that ‘ as the waves advanced the trees bent down, and the 
instant afterwards, while recovering their position, they often 
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met tltom of other trees similarly inditied, so that their 
brandies becoming interlocked^ tiiej were prevented flroin 
righting themselves again. The transit of the wave throngh 
the woods was marked by the cmshing noise of coontless 
bonghs, first heard on one side and then on the other. At 
the same time powerful jets of water, mixed with sand, mnd, 
and fragments of coaly matter, were cast up, endangering the 
lives of both horse and rider.’ 

I was curious to ascertain whether any vestiges still 
remained of these fountains of mud and water, and carefully 
examined between New Madrid and the Little Prairie several 
‘ sink holes,* as they are termed. They consist of cavities 
from 10 to 30 yards in width, and 20 feet or more in depth, 
and are very conspicuous, as they interrupt the level surface 
of a flat alluvial plain. Round their edges I saw abundance 
of sand, which some of the inhabitants with whom I con- 
versed had seen spouting from these deep holes, also frag- 
ments of decayed wood and blaxik bituminous shale, probably 
drifted down at some former period in the main channel of 
the Mississippi, from the coal-fields farther north. I also 
found numerous rents in the soil left by the earthquake, some 
of them still several feet wide, and a yard or two in depth, 
although the action of rains, frosts, and occasional inunda- 
tions, and especially the leaves of trees blown into them in 
countless numbers every autumn, have done much to fill them 
up. I measured the direction of some of the fissures, which 
usually varied from 10° to 4.5° W. of N., and were often 
parallel to each other; I found, however, a considerable 
diversity in their direction. Many of them are traceable for 
half a mile and upwards, but they might easily be mistaken 
for artificial trenches if resident settlers were not there to 
assure us that within their recollection they were ‘ os deep 
as wells.’ Fragments of coaly shale were strewed along the 
edges of some of these open fissures, together with white 
sand, in the same manner as round tfie ‘ sink holes.’ * 

Among other monuments of the changes wrought in 
1811-12, 1 explored the bed of a lake called Eulalie, near 

* 8*e LjeU’i Second \iait to the Vmted States, vol. ii. ch. sxxiii. 
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New Madrid, 800 yards long by 100 yards in width, which 
was suddenly drained daring the ear^qaake. The parallel 
fissares by which the water scaped were not yet entirely 
closed, and all the trees growing on its bottom were at the 
time of my visit less than 84 years old. They consisted of 
cotton-wood, the willow, the honey-locnst, and other species, 
differing from those clothing the surrounding higher grounds, 
which are more elevated by 12 or 15 feet. On them the 
hickory, the black and white oak, the gum and other trees, 
many of them of ancient date, were flourishing. 

Reflectiom on the earttiqwikee of the ninete^th century . — We 
are now about to pass on to the events of the eighteenth 
century, but before we leave the consideration of those 
already enumerated, let us pause for a moment, and reflect 
how many remarkable facts of geological interest are afforded 
by the earthquakes above described, though they constitute 
but a small part of the convulsions even of half a centurj'. 
New rocks have risen from the waters ; new hot springs have 
burst out, and the temperature of others has been altered. 
A large tract in New Zealand has been upraised from 1 to 9 
feet above its former level, and another contiguous region 
depressed several feet, and in the same archipelago a fault or 
displacement of the rocks nearly 100 miles long and about 9 
feet in vertical height has been produced. The coast of Chili 
lias been thrice permanently elevated ; a considerable tract 
in the delta of the Indus has sunk down, and some of its 
shallow channels have become navigable ; an adjoining part 
of the same district, upwards of 50 miles in length and 16 
in breadth, has been raised about 10 feet above its former 
level ; part of the great plain of the Mississippi, for a dis- 
tance of 80 miles in length by 30 in breadth, has sunk down 
several feet ; the town of Tomboro has been submerged, and 
12,000 of the inhabitants of Sumbawa have been destroyed. 
Yet, with a knowledge of these and other terrific catas- 
trophes, witnessed during so brief a period by the present 
generation, will the geologist declare with perfect composure 
that the earth has at length settled into a state of repose 9 
Will he continue to assert that the changes of relative level 
of land and sea, so common in former ages of the world, 
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have now ceased? If, in the face of so manjr striking facts, 
he persists in maintaining this favourite dogma, it is in vain 
to hope that, bj accumulating the proofs of similar convul- 
sions during a series of antecedent ages, we shall shake his 
tenacity of purpose : — 

Si fractiw illabatur orbiii. 

Impavidum foritat ruioae. 
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CHAPTER XXIX. 

UARTHQrAKES OF TKR KlOHTBISKTH CUNTtTBY— QOTO, 1797 — SlCll Y, 1790 — 
CAiABUUi FRimrAuy 6, 1783 — bhocxs cokthtckd to thic bxd or tub year 

1786— AtTTHORlTIK« — AREA Cu ICVl‘Ll»BI> — OBOLOOICAL ?rrRrCTrRE OF THE DIS- 
TRICT— MOTEMEBT !!♦ THE 8TOK*9 OF TWo OBBUSKS—BorNDINO OF DETACHED 
MAHHKS INTO THE AIR— Dlt’FlCrLTY OF ASCKRTAIKIHO CMA.VOKS OF DRVKI. — 

srnKiDRjfCK or the qcay at mrssiha — shift or faclt ih the rocxii tower 

OF TKHUAyCOVA — OPEHlJtO AKD CLOSIRO OF FlSSCRRS— IJLROK BDIFICKH KH- 

la’i.rilKn— DiMFjcsioifs or new cavkuss ahd fissfriw — oiuDrAL ci/mhko 

IS OF KKKTS — DKRANOEMENT OF RTVRB COCRSKS— I.ANDSLIPS — Bril.DlKOS 
TltAyHPi)UTKD EHTIHB TO OHEAT DISTANCES — KKW LAKES -FCNNKl.-SHAPFAI 
HOM.OWS IN AI.UJVUL PlJllJfS — crilRENTS OF MtTD — FALL OF CLIFFS, AND 
8m»RK HKAK SCTLIA IKCKD-iTED — STATE OF STRtJMBOLl AND ETNA DCttlNO THE 
SHOCKS — OllBUH AND MODE f>F PROPAGATION OF BAItTHQrAKK WAVF.S — DEPTH 
OK THE srPTEKHANKAN SOrHCR OF THH MOVEMENT — NUMBER OF PERSON.^ 
WHO PKmSHKD DURING THE EARTHQUAKE OF 1 788— CONCLUDING REMARKS. 


The earthquakes of the 1 8th century, which we hare next 
to consider, are so numerous that a few of them only can be 
mentioned. I shall select therefore such as are peculiarly 
illustrative of geological changes, treating of the more 
modern events first, and then of the others in retrospective 
order, according to the plan observed in the last chapter for 
reasons there explained. 

Quito, 1797. — The convulsion of this 3 *ear in Quito was 
remarkable for the extent of country shaken, and for the 
alterations caused in river courses, and still more for the 
floods of * moya ’ or fetid mud which issued from the crater 
of the volcano of Tunguragua.* 

Caraccas, 1790. — During an earthquake in Caraccas in 
1790 the granitic soil on which the forest of Aripao grew, is 
said to have sunk, giving rise to a lake 800 yards in diameter, 
and from 80 to 100 feet in depth. The trees remained 
green for several months under water. 

* CavRuilleSt JoHTn, de Phjs., tom© xlix. p. 230. Gilbert’s Annalen, bd. ri. 
HHmboldt*fi Voy. p. 317. 
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SitUjff 1790 , — ¥emm informs us th&t in SieOy in the same 
year (1790)^ at Santa Maria di Niscemi, some miles from 
Terranuova, near the south coast, the ground sank down 
daring 7 shocks for a circumference of about 8 miles, and to 
the depth in one place of 30 feet* The subsidence continued 
for a month, and several fissures sent forth sulphur, petro- 
leum, steam and hot water, and a stream of mud flowed out 
of one of them. The strata where this happened consisted 
of blue clay, and the site is far distant from the region both 
of ancient and modem volcanos in Sicily.* 

Jam, 1786. — During an earthquake in 1786 at Batur in 
Java which was followed by a volcanic eruption, the river 
Dotog entered one of several newly-formed rents, and con- 
tinued after the shocks to pursue a subterranean course. 
This fact, noticed by contemporary writers, was afterwards 
verified by Dr. Horsfield. 

EAETHQUAKE OP CALABRIA, )783. 

Of all the snbteiranean convulsions of the last century, that 
of Calabria in 1783 is almost the only one which has been so 
circumstantially described as materially to aid the geologist 
in appreciating the changes in the earth’s crust which a 
repetition of similar events must produce in the lapse of ages. 
The shocks began in February of that year, and lasted for 
nearly 4 years, to the end of 1786. Neither in duration, nor 
in violence, nor in the extent of territory moved, was this 
convulsion remarkable, when contrasted with many expe- 
rienced in other countries, both during the last and present 
century ; nor were the alterations which it occasioned in the 
relative level of hill and valley, land and sea, so great as those 
efiected by some subterranean movements in South 
in later times. The importance of the earthquake in question 
arises from the circumstance, that Calabria affords the first 
example of a region visited, both during and after the convul- 
sions, by men possessing sufficient leisure, zeal, and scientific 
information to enable them to collect and describe with accu- 
racy such physical facts as throw light on geological questions. 


VOL. n. 


Ferrara, Campi Fleg* p. 61. 
I 
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AnihorUiM. — Amicmg the ntunenras authorities, YiTenzio, 
physician to the King of Naples, transmitted to the court a 
regular statement of his obserratiims during the continuance 
of the shocks ; and his narratire is drawn up with care and 
cleamesa* Francesco Antonio Grimaldi, then secretary of 
war, visited the different provinces at the King’s command, 
and published a most detailed description of the permanent 
changes in the surface.t He measured the length, breadth, 
and depth of the different fissures and gulphs which opened, 

Fig. 114. 
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Map of part of Calabria shaken by the earthquake of 1783. 


and ascertained their number in many provinces. His com- 
ments, moreover, on the reports of the inhabitants, and his 
explanations of their relations, are judicious and instructive. 
Pi^ataro, a physician residing at Monteleone, a town placed 
in the very centre of the convulsions, kept a register of the 

* latoris d«' Tranuoti della Calabria t Dascris. de’ Tremood Accad. nelle 

Calabria oel 1783. Napoli, 1784. 
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ffhookff, distinguishing them into fonr dnsses, recording to 
their degree of Tiolence. Prom his work, it appears that, in 
the year 1788, the number iras 949, of which ftOl were 
shocks of the first degree of force ; and in the following year 
there were 151, of which 98 were of the first magnitude. 

Count Ippolito, also, and many others, wrote descriptions 
of the earthquake ; and the Royal Academy of Naples, not 
satisfied with these and other observations, sent a deputation 
from their own body into Calabria, before the shocks had 
ceased, who were accompanied by artists instructed to illus* 
trate by drawings the physical clianges of the district, and 
the state of ruined towns and edifices. Unfortunately these 
artists were not very successful in their representations of 
the condition of the country, particularly when they attempted 
to express, on a large scale, the extraordinary revolutions 
which many of the great and minor river-courses underwent 
But some of the plates published by the Academy are valu- 
able ; and as they are little known, I shall frequently avail 
myself of them to illustrate the facts about to be desorited.^ 

In addition to the^se Neapolitan sources of information, 
our countryman, Sir William Hamilton, surveyed the district, 
not without some pc^rsonal risk, before the shocks had ceased ; 
and his sketch, published in the Philosophical Transactions, 
supplies many facts that would otherwise have been lost. 
He has explained, in a rational manner, many events which, 
as related in the language of some eye-witnesses, appeared 
marvellous and incredible. Doloinieu also examined Cala- 
bria during the catastrophe, and wrote an account of 
the earthquake, correcting a mistake into which Hamilton 
had fallen, who supposed that a part of the tract shaken 
had consisted of volcanic tuff. It is, indeed, a circumstance 
which enhances the geological interest of the commotions 
which 80 often modify the surface of Calabria, that they are 
confined to a country where there are neither ancient 
nor modem rocks of volcanic or tritppean origin ; so that 
at some future time, when the era of disturbance shall 
have passed by, the cause of former revolutions will be as 

* Ifltom dV Fenomeni del Tremoto, Real. Accad. dec. dt Kap. Kapoli, 
icc. neir An. 17SS, poeta in luce dalla 17S3, fol. 
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latent as in parts of Great Britain now ocenpied exclnsirely 
by ancient marine formations* 

Ezteni of Hie area convulsed ^ — The convulsion of the earth, 
sea, and air extended over the whole of Calabria Ultra, the 
south-east part of Calabria Citra, and across the sea to 
Messina and its environs ; a district lying between the 88th 
and 89th degrees of latitude. The concussion was percep- 
tible over a great part of Sicily, and as far north as Naples ; 
but the surface over which the shocks acted so forcibly as to 
excite intense alarm did not generally exceed 500 square 
miles in area. Thai part of Calabria is composed chiefly, 
like the southern part of Sicily, of argillaceous strata of great 
thickness, containing marine shells, sometimes associated 
with beds of sand and limestone. For the most pari these 
formations resemble in appearance and consistency the siib- 
Apennine marls, with their accompanying sands and sand- 
stones ; and the whole group bears considerable resemblance, 
in the yielding nature of its materials, to most of our tertiary 
deposits in France and England. Chronologically considered, 
however, the Calabrian formations are comparatively of 
modern date, often abounding in fossil shells referable to 
species now living in the Mediterranean. 

We learn from Vivenzio that on the 20th and 26th of 
March, 1783, earthquakes occurred in the Ionian Islands, 
Zante, Cephalonia, and St. Maura ; and in the last- mentioned 
island fjeveral public edifices and private houses were over- 
thrown, and many people destroyed. 

If the city of Oppido, in Calabria Ultra, be taken as a 
centre, and round that centre a circle be described, with a 
radius of 22 miles, this space will comprehend the surface 
of the country which suflered the greatest alteration, and 
where all the towns and villages were destroyed. The first 
shock, of February 5, 1783, threw down, in two minutes, the 
greater part of the houses in all the cities, towns, and villages, 
from the western flanks of the Apennines in Calabria Ultra 
to Messina in Sicily, and convulsed the whole surface of the 
country. Another occurred on March 28, with almost equal 
violence. The granitic chain which passes through Calabria 
from north to south, and attains the height of many thousand 
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feei» was shaken but slightly by the first shock, but more 
rudely by some which followed. 

Some writers hare asserted that the wave-like movemeuts 
which were propagated through the recent strata, from west 
to east, became very violent when they reached the point of 
junction with the granite, as if a reaction was produced 
where the undnlatory movement of the soft strata was 
suddenly arrested by the more solid rooks. But the state- 
ment of Dolomieu on this subject is the most interesting, and 
perhaps, in a geological point of view, the most important 
of all the observations which are recorded.* The Apennines, 
he says, which consist in great part of hard and solid granite, 
with some micaceous and argillaceous schists, form bare 
mountains with steep sides, and exhibit marks of great 
degradation. At their base newer strata are seen of sand 
and clay, mingled with shells ; a marine deposit containing 
such ingredients as would result from the decomj> 08 ition of 
granite. The surface of this newer {tertiary) formation con- 
stitutes what is called the plain of Calabria— a platform 
which is flat and level, except where intersected by narrow 
valleys or ravines, which rivers and torrents have excavated 
sometimes to the depth of 000 feet. The sides of these 
ravines are almost perpendicular; for the superior stratum, 
being bound together by the roots of trees, prevents the 
formation of a sloping bank. The usual effect of the earth- 
quake, he continues, was to disconnect all those masses 
which either had not suflicient bases for their bulk, or which 
were supported only by lateral adherence. Hence it follows 
that throughout the whole length of the chain, the soil 
which adhered to the granite at the base of the mountains 
Caulone, Esope, Sagra, and Aspromonte, slid over the solid 
and steeply inclined nucleus, and descended somewhat 
lower, leaving almost uninterruptedly from St. George to 
beyond St. Christina, a distance of from 9 to 10 miles, a 
chasm between the solid granitic nucleus and the sandy 
soU. Many lands slipping thus were carried to a consider- 
able distance from their former position, so as entirely to cover 

♦ Bissertatioii on the Calabrian Earthquake, &c., tian«lated in Pinkerton'i* 
Vojage* and TruTelii, yoI. t. 
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otbeni ; and dupateB aroae as to whom the property which 
had thus shifted its place should belong. 

From this account of Dolomieu we might anticipate, as 
the result of a continuance of such earthquakes, first, a 
longitudinal valley following the line of junction of the older 
and newer rocks ; secondly, greater disturbance in the newer 
strata near the point of contact than at a greater distance 
from the mountains; phenomena very common in other 
parts of Italy at the junction of the Apennine and sub- 
Apennine formations. 

Mr. Mallet, in his valuable essay on the Dynamics of 
Earthquakes,* offers the following explanation of the fact 
to which Dolomieu has called attention. When a wave of 
elastic compression, of which he considers the earth-wave to 
consist, passes abruptly from a body having an extremely 
low elasticity, such as clay and gravel, into another like 
granite, whose elasticity is remarkably high, it changes not 
only its velocity but in part also its course, a ix»rtion being 
reflected and a portion refracted. The wave being thus sent 
back again produces a shock in the opiwsite direction, doing 
great damage to buildings on the surface by thus returning 
upon itself. At the same time, the shocks are at once eased 
when they get intt) the more elastic materials of the granitic 
mountains. 

The surface of the covmtry during the Calabrian earth- 
quakes often heaved like the billows of a swelling sea, which 
produced a swimming in the head, like sea-sickness. It is 
particularly stated, in almost all the accounts, that just 
before each shock the clouds appeared motionless; and, 
although no explanation is offered of this phenomenon, it 
seems obviously the same as that observed in a ship at sea 
when it pitches violently. The clouds seem arrested in their 
career as often as the vessel rises in a direction contrary to 
their course ; so that the Calabrians must have experienced 
precisely the same motion on tlie land. 

Trees, supported by their trunks, sometimes bent during 
the shocks to the earth, and touched it with their tops. This 


* Procftftd. Koy, Imh Acad. 1846, p. 26, 
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i« mmtioiied as a weU-known &4:t l)<domieii; and he 
asaores ns that he was always on his guard against the spirit 
of exaggearation in which the vulgar are ever ready to indulge 
when relating these wonderful occurrences. 

The reader must not suppose that these waves, although 
described as passing along the solid surface of the earth in a 
given direction, like a billow on the sea, have any starict 
analogy with the undulations of a fluid. They must be 
regarded as the effects of vibrations, radiating from some 
deep-seated point, each vibration on reaching the surface 
lifting up the ground, and then allowing it again to subside. 
The manner in which the vibratory jar reaches different 
points of the surface in succession according to the outline 
of the country-, will be explained in the sequel. (Seep. 136.) 



Stiiftfl in the stones of two oMisks in the Convent of 8. Bruno. 


The Academicians described derangements in some of the 
buildings of Calabria which seemed to them to indicate a whirl- 
ing or vorticose movement. Thus, for example, two obelisks 
(fig. 115) placed at the extremities of a magnificent fa9ade in 
the convent of S. Bruno, in a small town called Stefano del 
Bosco, were observed to have undergone a movement of a 
singular kind. The shock which a^tated the building is 
described ashaving been horizontal and vorticose. The pedestal 
of each obelisk remained in its original place ; but the sepa- 
rate stones above were turned partially round, and removed 
sometimes nine inches from their position without falling. 
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It has been sog'gested by Hr. Darwin, that this hind of 
displacement may be dne to a ribratoiy rather than a whirling 
motion;* and more lately Mr. Mallet, in the paper already 
cited, has offered a satisfactory solution of the problem. He 
refers the twisting simply to an elastic wave, which has 
moved the pedestal forwards and back again, by an alternate 
horizontal motion within narrow limits; and he has suc- 
ceeded in showing that a rectilinear movement in the ground 
may have sufficed to cause an incumbent body to turn partially 
round upon its bed, provided a certain relation exist between 
the position of the centre of gravity of the body and its centre 
of adherence, t 

The violence of the movement of the ground upwards was 
singularly illustrated by what the Academicians call the 
‘ sbalzo,’ or bounding into the air, to the height of several 
yards, of masses slightly adhering to the surface. In some 
towns a great part of the pavement stones were thrown up, 
and found lying with their lower sides uppermost. In these 
oases, we must suppose that they were propelled upwards by 
the momentum which they had acquired; and that the adhesion 
of one end of the mass being greater than that of the other, a 
rotatory motion had been communicated to them. When the 
stone was projected to a sufficient height to perform somewhat 
more than a quarter of a revolution in the air, it pitched 
down on its edge, and fell with its lower side uppermost. 

New jUmret and changes of level . — I shall now consider, in 
the first place, those changes which are connected with the 
rending and fissuring of rocks or with alterations in the 
relative level of the different parts of the land ; and afterwards 
describe those which are more immediately connected with 
the derangement of the regular drainage of the country, and 
where the force of running water co-operated with that of the 
earthquake. 

In 1‘egard to alterations of relative level, none of the 
accounts establish that they were on a considerable scale ; 
but it must always be remembered that, in proportion to the 
area moved is the difficulty of proving that the general level 

* Journal of a Natnnliat, p. 376, t ProceediugsRojr.Iriah Acad. 1846, 
and ii. ib. 308. pp. 14-18. 
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haA imdargone any change, imlesa the 8ea*eoa8t happens to 
have participated in the principal morement. Eren then 
it is often impossible to determine whether an elevation or 
depression even of several feet has occurred, because there 
is nothing to attract notice in a band of shingle and sand of 
unequal breadth above the level of the sea running parallel 
to a coast; such bands generally marking the point reached 
by the waves during spring tides, or the most violent tempests* 
The scientific investigiitor has not sufficient topographical 
knowledge to discover whether tlie extent of beach has 
diminishe<l or increased ; and he who has the necessary local 
information scarcely ever feels any interest in ascertaining 
the amount of the rise or fall of the ground. Add to this 
the great difficulty of making correct observations, in con- 
sequence of the enormous waves which roll in upon a coast 
during an eai-thquake, and efface every landmark near the 
shore. 

It is evidently in seaports alone that we can look fur very 
accurate indications of slight changes of level ; and when we 
find them, we may presume that they would not be rare at 
other points, if equal facilities of comparing relative altitudes 
were afforded. Grimaldi states (and his account is confirmed 
by Hamilton and others), that at Messina, in Sicily, the shore 
was rent and the soil along the port, which before the shock 
was perfectly level, was found afterwards to be inclined 
towards the sea, — the sea itself near the ‘ Branchia ’ becom- 
ing deeper, and its bottom in several places disordered. The 
quay also sunk down about 14 inches below the level of the 
sea, and the houses in its vicinity were much fissured.* 

Unfortunately we are without data for determining whether 
these changes were superficial only, and due to the sliding 
down or settling of the soil, or whether they were connected 
with deep-seated movements altering the relative level of sea 
and land. 

Among various proofs of partial dlevation and depression 
in the interior, the Academicians mention, in their Survey, 
that the ground was sometimes on the same level on both 
sides of new ravines and fissures, but sometimes there had 


* Phil. Tnuki. 17S3. 
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been s. etnunderable apbeanng of one side, or snbsidenee of 
tibe othnr. Thus, on the sides of long rents in ibe territoiy 
of Soriano, the stratified masses had altered their relatiTe 
position to the extent of from 8 to 14 palms (6 to 10| feet). 

Similar shifts in the strata are alluded to in the territory 
of Polistena, where there appeared innumerable fissures in 
the earth. One of these was of great length and depth ; and 
in parts the level of the corresponding sides was greatly 
changed, (See fig. 116.) 

In the town of Terranuova some houses were seen uplifted 
above the common level, and others adjoining sunk down 
into the earth. In several streets the soil appeared thrust 


Fig. 116. 



Bepp fissure, nenr Polistons, caused by the earthquake of 1783. 


up, and abutted against the walls of houses : a large circular 
tower of solid masonry, part of which had withstood the 
general destruction, was divided by a vertical rent, and one 
side was upraised, and the foundations heaved out of the 
ground. It was compared by the Academicians to a great 
tooth half extracted from the alveolus, with the upper part 
of the fangs exposed. (See fig. 117.) 

Along the line of this shift, or ‘ fault,’ the walls were found 
to adhere firmly to each other, and to fit so well, that the 
only sign of their haring been disunited was the want of 
correspondence in the courses of stone on either side of the 
rent. 
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Dolomieu saw a stone well in a convent of tlie Angnstins 
at Terranaova, which had the appearance of havin|^ been 
driven out of the earth. It resembled a small tower 8 or 9 
feet in height, and a little inclined. This effect, he says, 
was produced by the consolidation and consequent sinking of 
the sandy soil in which the well was dug. ' 

In some walls which had been thrown down, or violently 
shaken, in Monteleone, the separate stones were parted from 
the mortar, so as to leave an exact mould where they had 
rested; whereas in other cases the mortar was ground to 
dust between the stones. 

Fig. 117. 



Shift or ‘ fault* in the Round Tower of Terranuova in Calabria, occaaioued by the 

earthqutike of 1783. 


It appears that the wave-like motions often produced 
effects of the most capricious kind. Thus, in some streets of 
Monteleone, every house was thrown down but one; in 
others, all but two; and the buildings which were spared 
were often scarcely in the least degree injured. In many 
cities of Calabria, all the most solid buildings were thrown 
down, while those which were slightly built escaped ; but at 
Bosamo, as also at Messina, in Sicily, it was precisely the 
reverse, the massive edifices being the only ones that stood. 

As the earthquake-wave passed along the surfiuie of the 
ground, rents and chasms opened and closed altematdy, so 
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that houses, trees, cattle and men were first engnlphed in an 
instant, and then the sides of the fissnres coming tc^^her 
again no vestige of them was to be seen on the surface. We 
may conceive the same effect to be produced on a small scale, 
if, by some mechanical force, a pavement composed of large 
flags of stone should be raised up, and then allowed to fall 
suddenly, so as to resume its original position. If any small 
pebbles happened to be lying on the line of contact of two 
flags, they would fall into the opening when the pavement 
rose, and be swallowed up, so that no truce of them would 
appear after the subsidence of the stones. In many instances, 
individuals are said to have been swallowed up by one shock, 

Fi>. ns. 



Fisffures near Jerocarno, in Calabria, CiiUNcd by the earthquake of 1783. 

and then thrown out again alive, together with large jets of 
water, by the shock which immediately succeeded. 

At Jerocarne, a country which, according to the Academi- 
cians, was lacerated in a most extraordinary manner, the 
fissures ran in every direction ‘ like cracks on a broken pane 
of glass.’ (See fig. 118.) 

As we learn from Dolomieu that the direction of the new 
chasms and fissures throughout Calabria was usually parallel 
to the course of ravines and gorges pre-existing in their 
neighbourhood, we may conclude that not a few of them 
were due to a comparatively superficial movement of the 
ground in a sideway direction. 


Cm. XKSX.2 effects OF CAUlBRIAK EABTHQOAKE. 


m 


In the Ticinity of Oppido^ the central point where the 
shocks of the earthquake were most violent, many houses 
were swallowed up by the yawning earth, which closed 
immediately over them. In the adjacent district, also, of 
Cannamaria four farm-houses, several oil -stores, and some 
spacious dwelling-houses were so completely eiigulphed in 
one chasm, that not a vestige of them was afterwards dis- 
cernible. The same phenomenon occurred at Terranuova, 
S, Christina, and Sinopoli. The Academicians state parti- 
cularly, that when deep abysses had opened in the argillaceous 
strata of Teminuova, and houses had sunk into them, the 
sides of the chasms closed with such violence, tliat, on 
excavating afterwards to recover articles of value, the work- 
men found the contents and detached parts of the buildings 
jammed together so os to become one compact mass. 

Sir W. Hamilton was shown several deep fissures in the 
vicinity of Mileto, which, although not one of them was above 
a foot in breadth, bad opened so wide during the earthquake 
as to swallow an ox and nearly one hundred goats. The 
Academicians also found, on their return through districts 
wdiich they had passed at the commencement of their tour, 
that many rents had, in that short interval, gradually closed 
in, so that their width had diminished several feet, and the 
opposite walls had sometimes nearly met. It is natural that 
this should happen in argillaceous strata, while, in more solid 
rocks, we may expect that fissures will remain open for ages. 
Should this be ascertained to be a general fact in countries 
convulsed by earthquakes, it may afford a satisfaetorj^ 
explanation of a common phenomenon in mineral veins. 
Such veins often retain their full size so long as the rocks 
consist of limestone, granite, or other indurated materials ; 
but they contract their dimensions, become mere threads, or 
are even entirely cut off, where masses of an argillaceous 
nature are interposed. If we suppose the filling up of 
fissures with metallic and other ingredients to be a i)roces8 
requiring ages for its completion, it is obvious that the 
opposite walls of rents, where strata consist of yielding 
materials, must collapse or approach very near to each other 
before sufficient time is allowed for the accretion of a large 
quantity of veinstone. 
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Some of the chaamH which opened seem to implj the 
siiildi}|^ down of the earth into subterranean cavities. One 
of these was observed bj the Academicians on the sloping 

Fig. no. 



Chanm formed by the earthquake of 1783 near Oppido, in Calabria. 

side of a hill near Oppido, into which part of a vineyard and 
a considerable number of olive trees with a large quantity of 
soil were precipitated. Yet a great gulf remained after the 

Fig. 120. 



Chftsm in the hill of St. Angelo, near Soriano, in Calabria, caused by the 
earthquake of 1783. 

shock, in the form of an amphitheatre, 500 feet long and 200 
feet deep. (See fig. 119.) 
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According to Grimaldi, manj fisanrec and chaama, formed 
by the drat abode of Febrtuury 5tb, were greatly widened, 
lengthened, and deepened by the violent convnlaiona of 
March 28th. Some of these were nearly a mile in length, 
and from 150 to more than 200 feet in depth, nsnally 
straight, but some of them in the form of a crescent. The 
annexed cut (fig. 120) represents one by no means remarkable 
for its dimensions, which remained open by the side of a 
small pass over the hill of St. Angelo, near Soriano. The 
small river Mesima is seen in the foreground. 

Formalim, of circular hollows and new lakes . — In the report 
of the Academy, we find that some plains were covered with 


Pig. 121. 



Circular hollows in the plain of Rosarno, forniod by the earthquake of 1783. 


circular hollows, for the most part about the size of carriage- 
wheels, but often somewhat larger or smaller. When filled 
with water to within a foot or two of the surface, they 
appeared like wells ; but, in genera^, they were filled with 
dry sand, sometimes with a concave surface, and at other 
times convex. (See fig. 121.) On digging down, they found 
them to be funnel-shaped, and the moist loose sand in the 
centre marked the tube up which the water spouted. The 
annexed cut (fig. 122) represents a section of one of these 
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ioTeried cooes when the water had disappeared, and nothing 
hot dry micaceous sand remained. 

A small circular pond of similar character was formed not 
far from Polistena (see 123) ; and in the Ticinitj of 
Seminara, a lake was suddenly caused by the opening of a 
great chasm, from the bottom of which water issued. This 

Fig. 122. 



Section of one of the circular hollows formed in the plain of Bosarno. 

lake was called Lago del Tolfilo. It extended 1,785 feet in 
length, by 937 in breadth, and 52 in depth. The inhabitants, 
dreading the miasma of this stagnant pool, endeavoured, at 

Fig. 123. 



Circular p>ond near Polistena in Calabria, caused by the earthquake in 1783. 

great cost, to drain it by canals, but without success, as it 
was fed by springs issuing from the bottom of the deep 
chasm. 

Cones of sand thrown v/p . — Many of the appearances ex- 
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Mbitod in the aOiiTial plains, such as springs spouting up 
their water like fountains at the moment of the shock, base 
been supposed to indicate the alternate rising and sinking of 
the ground* The first effect of the more riolent shocks was 
usually to dry up the rivers, but they immediately afterwards 
overflowed their banks. In marshy places, an immense 
number of cones of sand were thrown up. These appearances 
Hamilton explains, by supposing that the first movement 
raised the fissured plain from below upwards, so that the 
rivers and stagnant waters in bogs sank down, or at least 
were not upraised with the soil. But when the ground 
returned with violence to its former position, the water was 
thrown up in jets through fissures. 

The phenomenon, according to Mr. Mallet, may be simply 
an accident contingent on the principal cause of disturbance, 
the rapid transit of the earth-wave. ‘ The sources,’ he says, 

• of copious springs usually lie in flat plates or fissures filled 
with water, whether issuing from solid rock, or from loose 
materials; now, if a vein, or thin flat cavity filled with 
water, be in such a position that the plane of the plate of 
water or fissure be transverse to the line of transit of the 
earth-wave, the effect of the arrival of the earth-wave at the 
watery fissure will be, at the instant, to compress its walls 
more or less together, and so squeeze out the water, which 
will, for a moment, gush up at the springhead like a fountain, 
and again remain in repose after the transit of the wave/ 
Derangement of r{ver-c(ncr»e $, — Vivenzio states, that near 
Sitizzano a valley w as nearly filled up to a level with the 
high grounds on each side, by the enormous masses detached 
from the boundary hills, and cast down into the course of two 
streams. By this barrier a lake was formed of great depths 
about 2 miles long and 1 mile broad. The same aiitbor 
mentions that, upon the whole, there were 50 lakes occasioned 
during the convulsions: and he assigns localities to all of 
these. The government surveyors eitumerated 215 lakes; 
but they included in this number many small ponds. 

Such lakes and ponds could only be permanent where rivers 
and brooks were diverted into an entirely new coarse, whether 
into some adjoining ravine or into a different port of the 
VOL. II. K 
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«Mae dUovial plain. In cases where the new barrier obstmots 
the whole of the drainage, the water flowing over the dam 
win gradually deepen a new channel in it, and drain the 
lake.* 

From each side of the deep valley or ravine of Terranoova, 
enormous masses of the adjoining flat country were detached, 
and cast down into the course of the river, so as to give rise 
to lakes. Oaks, olive-trees, vineyards, and com, were often 
seen growing at the bottom of the ravine, as little injured as 
their former compauions, which still continued to flourish in 
the plain above, at least 500 feet higher, and at the distance 
of about J of a mile. In one part of this ravine was a mass, 
200 feet high and about 400 feet circumference at its base, 
which had been debiched by some former earthquake. It 
is well attested, that this mass travelled down the ravine 
nearly 4 miles, having been put in motion by the earthquake 
of February 5. Hamilton, after examining the spot, declared 
that this phenomenon might be accounted for by the de- 
clivity of the valley, the great abundance of rain which fell, 
and the great weight of the alluvial matter which pressed 
behind it. Dolomieu also alludes to the fresh impulse de- 
rived from other masses falling, and pressing upon the rear 
of those first set in motion. 

The first account sent to Naples of the two great slides or 
landslips above alluded to, which caused a great lake near 
Terranuova, was couched in these words:— ‘Two mountains 
on the opposite sides of a valley walked from their original 
positions until tliey met in the middle of the plain, and there 
joining together, they intercepted the course of a river,’ &c. 
The expressions here used resemble singularly those applied 
to phenomena, probably very analogous, which are said to 
have occurred at Fez, during the great Lisbon earthquake, 
as also in Jamaica and Java at other periods. 

Not far from Soriano, the houses of which were levelled to 
the ground by the great shock of February, a small valley, 
containing a beautiful olive-grove, called Fra Bamondo, 
underwent a most extraordinary revolution. Innumerable 
fissures first traversed the river plain in all directions, and 
• Seo Bobcort Mullet, Keapolitao Eaitbquake of 1867, voL ii. p. 872. 
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absorbed tbe water antil the argillaceotis sabstratam beoaioe 
soaked, so tiiat a great part of it was reduced to a state of 
fluid paste. Strange alterations in the outline of the ground 
were the consequence, as the soil to a great depth was easily 
moulded into any form. In addition to this change, the 
ruins of the neighbouring hills were precipitated into the 
hollow; and while many olives were uprooted, others re- 
mained growing on the fallen masses, and inclined at various 
angles. (See fig. 124.) The small river Caridi was entirely 
concealed for many days ; and when at length it reappeared, 
it had shaped for itself a new channel. 

Near Seminara an extensive olive-ground and orchard were 


Fig. 124. 



Changes the surface at Fra llamondo, near Soriano, in Calabria. 

1 . Portion of a hill oovenxi with olives thrown 2. New bod of the river Carldl, 

tlotnj. 3. Town of Soriano. 

hurled to a distance of 200 feet, into a valley 60 feet in depth. 
At the same time a deep chasm was riven in another part of 
the high platform from which the orchard had been detached, 
and tbe river immediately entered the fissure, leaving its 
foimer bed completely dry. A small inhabited boose, stand- 
ing on the mass of earth carried down into the valley, went 
along with it entire, and without injury to the inhabitanta. 
The olive-trees, also, continued to grow on the land which 
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had tM into the vallej, and bore the same year an aln^idant 
crop of fruit. 

Two tracts of land on which a gpreat part of the town of 
Polistena stood, consisting of some hundreds of houses, 
travelled into a contiguous ravine, and nearly across it, 
about half a mile from their original site ; and what is most 
extraordinary, several of the inhabitants were dug out from 
the ruins alive and unhnrt. 

Two tenements, near Mileto, called the Macini and Vati- 
cano, occupying an extent of ground about 1 mile long and 
i a mile broad, were carried for 1 mile down a valley. A 
thatched cottage, together with large olive and mulberry 
trees, most of which remained erect, were carried uninjured 
to this extraordinary distance. According to Hamilton, the 
surface removed had been long undermined by rivulets, which 


Fig. 125. 



Limdftlipfl near Oioquefrondi, caused bj the earthquake of 1783. 


were afterwards in full view on the bare spot deserted by the 
tenements. The earthquake seems to have opened a passage 
in the adjoining argillaceous hills, which admitted water 
charged with loose soil into the subterranean channels of 
the rivulets immediately under the tenements, so that the 
foundations of the ground set in motion by the earthquake 
were loosened. An example of subsidence, where the edifices 
were not deatroyed, is mentioned by Grimaldi, as having 
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taken place in the city of CatansarO) the capital of the pro- 
vince of that name. The houses in the quarter called San 
Giuseppe subsided with the ground to various depths from 
2 to 4 feet, but the buildings remained uninjured. Among 
other territories, that of Cinquefiondi was greatly convulsed, 
various portions of soil being raised or sunk, and innumerable 
fissures traversing the country in all directions (see fig. 125). 
Along the fianks of a small valley in this district there 
appears to have been an almost uninterrupted line of 
landslips. 

Near S. Lucido, among other places, the soil is described 
as having been ‘ dissolved,’ so that large torrents of mud 
inundated all the low grounds, like lava. Just emerging 
from this mud, the tops only of trees and of the ruins of 
farm-houses were seen. Two miles from Laureana, the 
swampy soil in two ravines became filled with calcareous 
matter, which oozed out from the ground immediately before 
the first great shock. This mud, rapidly accumulating, began, 
ere long, to roll onward, like a flood of lava, into the valley, 
where the two streams uniting, moved forward with increased 
impetus from east to west. It now presented a breadth of 
225 feet by 15 in depth, and, before it ceased to move, 
covered a surface equal in length to an Italian mile. In its 
progi'ess it overwhelmed a flock of 30 goats, and tore up by 
the roots many olive and mulberry trees, which floated like 
ships upon its surface. When this calcareous lava had 
ceased to move, it gradually became dry and hard, during 
which process the mass was lowered 7^ feet. It contained 
fragments of earth of a ferruginous colour, and emitting a 
sulphureous smell. 

If our space permitted, we might fill a volume with local 
details of landslips, which the different authors above alluded 
to supply, showing to how great an extent the power of rivers 
to widen valleys is increased where earthquakes are of 
periodio"^ occurrence. A geologist can never fully under- 
stand the manner in which valleys have been formed until 
he duly appreciates the part which subterranean movements 
repeated at long intervals play in combination with rivers, 
during that lapse of ages which must always be required for 



184 basibouakh nr the siaHTEBimr oentubt. [GB.x3nx. 

the dievAtion of a conntrjr to the height of manf hnndTedB 
of feet above the level of the sea. 

Time must be allowed in the intervals between distinct 
convulsions, for running water to clear away the mins 
caused by landslips, otherwise the fallen masses will serve 
as buttresses, and prevent the succeeding earthquake fh>m 
exerting its full power. The sides of the valley must be 
again cut away by the stream, and made to form precipices 
and overhanging cliffs, before the next shock can take effect 
in the same manner. 

Fall of tlie nea-cliffa . — Along the sea-coast of the Straits of 
Messina, near the celebrated rock of Scilla, the fall of huge 
masses detached from the bold and lofty cliffs overwhelmed 
many villas and gardens. At Gian Greco, a continuous line 
of cliff, for a mile in length, was thrown down. Great 
agitation was frequentlj’ observed in the bed of the sea 
during the shocks, and, on those parts of the coast where the 
movement was most violent, all kinds of fish were taken in 
abundance, and with unusual facility. Some rare species, as 
that called Cicirelli, which usually lie buried in the sand, were 
taken on the surface of the waters in great quantity. The sea 
is said to have boiled up near Messina and to have been agi- 
tated as if by a copious discharge of vapours from its bottom. 

Shore near Scilla inundated . — The prince of Scilla had 
persuaded a great part of his vassals to betake themselves to 
their fishing-boats for safety, and he himself had gone on 
board. On the night of February 5, when some of the people 
were sleeping in the boats, and others on a level plain slightly 
elevated above the sea, the earth rocked, and suddenly a 
great mass was torn from the contiguous Mount Jaci, and 
thrown down witli a dreadful crash upon the phiin. Im- 
mediately afterwards, the sea, rising more than 20 feet 
above the level of this low tract, rolled foaming over it, and 
swept away the multitude. It then retreated, but soon 
rushed back again with greater violence, bringing with it 
some of the people and animals it had carried away. At the 
same time every boat was sunk or dashed against the beach, 
and some of them were swept far inland. The aged prince, 
with 1,480 of his people, was destroyed. 
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StaU af Stnmboli md Etna during the tiodb. — Tkn in* 
h&bitants of Pizzo remarked that, on February 5, 178S, 
when the first great shock affected Calabria, the Tolcano of 
Stromboli, which is in fall view of that town, and at the 
distance of about 50 miles, smoked less, and threw up a less 
quantity of infiamed matter, than it had done for some years 
previously. On the other hand, the great crater of Etna is 
said to have given out a considerable quantity of vapour 
towards the beginning, and Stromboli towards the close, of 
the commotions. But as no eruption happened from either 
of these great vents during the whole earthquake, the sources 
of the Calabrian convulsions, and of the volcanic fires of Etna 
and Stromboli, appear to be very independent of each other ; 
unless, indeed, they have the same mutual relation os Vesuvius 
and the volcanos of the Phlegrman Fields and Ischia, a violent 
disturbance in one district serving as a safety-valve to the 
other, and both never being in full activity at once. 

Origin and mode of propagation of earthquaJce^waves , — We 
have already hinted in Chapter xxiii. that there are good 
reasons for suspecting that the subterranean causes of the 
earthquake and volcano are the same. In what manner 
portions of the solid crust of the earth may be melted 
from time to time so as to form reservoirs of fused matter 
at various depths, will be considered in Chapter xxxii. 
Assuming for the present the existence of such reservoirs of 
liquid lava in the interior, it is not difficult to understand 
how steam may be generated whetiever rain-water or the 
waters of the sea, percolating through rocks, gain access to 
such lava, and how, when steam is generated, the incumbent 
crust of the earth may be rent and dislocated. 

During such movements fissures may be formed and 
injected with gaseous or fluid matter, which may sometimes 
fail to reach the surface, while at other times it may be 
expelled through volcanic vents, stufas and hot springs. 
When the strain on the rocks has cailsed them to split, or 
the roofs of pre-existing fissures or caverns have been made 
to fall in, vibratory jars will be produced and propagated in 
all directions, like waves of sound through the crust of the 
earth with vaiying velocity, according to the violence of the 
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origiluil shodk, and the density or elasticity of the snbstances 
thmigh which they pass. Th^ will travel, for example, 
&Ster throngh granite than through limestone, and more 
rapidly through the latter than through wet clay, but the 
rate will be uniform through the same homogeneous medium. 
To the inhabitants of a shaken district the wave or vibration 
appears to radiate horizontally, outwards from the spot on 
the surface where it is first felt; but the force does not 
really operate in a horizontal direction like a wave caused by 
a pebble on the surface of a pond, for at every point except 
that immediately above the focus of the shock it comes up 
obliquely from below, causing the ground to move forwards 



Dingntm »howiug the mtxle in which an earthquake-wnvo is transmitted {rtmi 
a subtfsrraneiin focus of disturbance such as A. 

A. Pooun of oartliqiiahe. e, c*, d', etc. Section of sphedcal shelU 

B. Selwuio vertical, or point where the siiock ahowlngr the manner in which the eerthquake- 

flret reaches the anrfaoo, wave la propagated in all directions from the 

0. Suppoaed focua of greeter depth. Ilen^ centre of distorbance, A. 
the line C, I, repreeen ting the angle of emcig- 1, 1', Coaeiamlc pointa, or points on the 
enoe, la ateoper than the line A, 1. (Seep. surface reached aitnultaneonaly by the earth' 

188.) quake-wave. So also 2, 2', 8, 8'. 

and then baokwaids in a more or less horizontal direction, 
so that all objects which do not participate fully in the 
movements, such as the walls of a building, appear to move 
in a direction contrary to that of the grovmd, and fall by 
their own weight or inertia. The inode in which the wave 
is transmitted will be best understood by the accompanying 
diagram, fig. 126. Suppose the subterranean centre of dis- 
inrbance to be several miles below the surface or at A, the 
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orost of the emrfh being homogeneous, the shock will 
proceed in all directions as a wave of compression displacing 
the particles of the vibrating medium tor a certain space, 
and then allowing them to recover their original position 
usually without fracture of the rock. The wave moves in 
the form of a series of spherical shells, sections of which are 
represented in the diagram at c c', d d', &c. When the 
movement extends to the circle d d' the earthquake will be 
first felt at the surface at a point immediately above A. 
This point B, where the shock will be felt most violently by 
the inhabitants as being nearest to the original impulse, is 
called the seismic vertical. The vibrations will reach the 
points 1 and 1' some seconds later, according to the distance 
of such points from the focus A. The wave will successively 
reach the points 2 and 2', and 3 and 3', and its emergence 
at the surface of the country will take place in a series of 
concentric rings receding fArther and farther from B where 
the shock was first felt, as in fig. 127. The wave therefore, 
or vibratoiy jar, although having the appearance of being 
propagated horizontally in all directions from B, is in reality 
transmitted direct from A. The circles 1 1', 2 2', and 3 S' in 
tigs. 126 and 127 are called coseis- 
mal circles, because all points in 
their ' circumference are simul- 
taneously shaken. The reader will 
observe that all these spherical 
shells c c', d df, and the points of 
emergence, 1, 2, 3, &c., relate to the 
continuous transmission through 
the earth of a single shock, and 

not to a series of separate waves „ . .. ... 

following each other. Mr. Robert respectively. 

Mallet and the late Mr. Hopkins have endeavoured to devise 
instruments and methods of observation, by which the rate 
of transit of the earthquake-wave, and th^ depth of the focus 
of disturbance^ might be measured. 

Mr. Mallet* has the merit of having been the first to make 
a practical application of the rules deduced from mechanical 
* Great Neapolitan Earthquake of 1S67 ; in two roU. London, ^62. 


Fig. 127. 
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priiM»if>l 0 « bearing on this aobjeet With this object he 
tiiited part of the Keapolitan territory, shortly after the 
great earthquake of December, 1867. The region most 
violently shaken at that period was about 40 miles east of 
Salerno, in latitude 40® SO' N., wholly to the north of the 
district convulsed in 1783. Although many towns were then 
laid in ruins, and there was much loss of life, the destruction 
was by no means so great as that of 1783, and the changes 
wrought in the river-courses were not on so grand a scale. 

To obtain the seismic vertical Mr. Mallet observed the 
direction in which chimneys, urns, and statues had been 
thrown down from the tops of high buildings. Such bodies, 
in consequence of their inertia, usually fall backwards in the 
direction from which the shock comes, but sometimes they 
are thrown forwards. In either case they indicate the 
direction of the shocks, and two or more such lines of 
direction prolonged to their point of intersection give the 
seismic vertical. That point being found, the next step is to 
ascertain the angle at which the wave emerged at different 
jmints at the surface. 

Suppose a rectangular building d, g (6g. 128), to stand 
with its principal walls in tlie direction of the shock, and the 

earthquake- wave to emerge in 
the direction A, C. The shock 
will tend to produce fissures 
h h\ i i\ at right angles to its 
own path. The inclination of 
A, C, to the horizon, or the 
angle of emergence, being 
thus known by reference to 
these fissures, we obtain the 
position of the focus A, by 
imagining the line C, A.', to be 
prolonged till it meets the 
vertical line B, A. 

By referring to the former 
diagram, fig. 126, the reader will at once see that the angle 
of emergence of the wave at any given distance from the 
seismic vertical, B, will depend upon the depth of the focus ; 


Fig. 128. 
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in otber worda, it will be always steeper as the depth 
ioereases, as the line C, 1, for example, is more steeply 
inclined than A, 1* 

By aid of a dynamical formula which we need not cite 
here, Mr, Mallet came to the conclusion that the depth of 
the original shock in 1867 did not exceed 7 or 8 miles, and 
although this can only be a rough approximation to the 
truth, it is of considerable interest, and the rej)etilion of 
such investigations may hereafter lead to more reliable 
results, especially when observations in regard to the time, 
direction, and intensity of the shocks shall have been made 
with scientific care at the moment of the convulsion Such 
observations require the aid of delicate instruments, and 
the problem is exceedingly complicated, far more so than 
the reader may have inferred from the simple illustration 
al>ove given. For in the first place the shock which pro- 
duces the vibration or earthquake- wave does not give rise 
to a single movement, as above supposed, but to two move- 
ments, one longitudinal and the other transverse ; the second 
of which at the outset follows the principal one almost instan- 
taneously, and is at right angles to it ; but, as this latter 
vibration travels somewhat slower than the former, it reaches 
the surface, if the distance be considerable, after a distinct 
interval of time, and often does more mischief to buildings than 
the first. It will also be seen by the elaborate report of Mr. 
Hopkins* that the earthquake-wave, when it passes through 
rocks diflFering in density and elasticity, changes in some de- 
gree not only its velocity but its direction, being both refracted 
and reflected in a manner analogous to that of light when it 
passes from one medium to another of a different density. 
When the shock traverses the earth’s crust through a thickness 
of several miles, it will encounter a great variety of rocks as 
well as rents and faults by which the course of the vibratory 
movements will be more or less interfered with. The fracture 
also of buildings is considerably modified by the nature of 
their Component materials, and of the coherence of the 
mortar by which stones or bricks are cemented, together. 


* Geological Theories of Elevation and Earthquakes, Brit. Ashoc. I8i7» p. S3. 
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We must make doe allowance therefore for the nncertainl^ 
ci the data at Mr. B. Mallet’s disposal when he attempted to 
compute the depth beneath the sur&ce at which the shock of 
lBfi7 originated, and it is still more difficult for ns to form a 
probable conjecture as to the distance from the surface of 
Ike point from which the subterranean movements of 1788 
may have proceeded. It is a matter, however, of general 
intarest that Mr. Mallet deduces from all the facts at present 
known to him respecting the movements of earthquakes, 
that the subterranean points where the shocks originate are 
never very deep, perhaps never exceeding thirty geographical 
miles ; a very irnportiint conclusion should it hereafter be 
confirmed by observation and theory. 

Number of peritoHs who •perished duritig the earthquake of 
1788. — The number of persons who perished during the 
earthquake in the tw'o Calabrias and Sicily, is estimated by 
Hamilton at about 40,000 : and about 20,000 more died by 
epidemics, which were caused by insufficient nourishment, 
exposure to the atmosphere, and malaria, arising from the 
new stagnant lakes and pools. 

By far the greater number were buried under the ruins of 
their houses ; but many were burnt to death in the confla- 
grations which almost invariably followed the shocks. These 
fires raged the more violently in some cities, such as Oppido, 
from the immense magazines of oil which were consumed. 

Many persons were engulphed in deep fissures, especially 
the peasants when flying across the open country, and their 
skeletons may perhaps be buried at various depths in the 
earth to this day. 

When Dolomieu visited Messina after the shock of Febru- 
ary 5, he describes the city as still presenting, at least at a 
distance, an imperfect image of its ancient splendour. Every 
house was injured, but the walls were standing : the whole 
population had taken refuge in wooden huts in the neigh- 
bourhood, aud all was solitude and silence in the streets : it 
seemed as if the city had been desolated by the plague. 
‘ But when. I passed over to Calabria, and first beheld Polis- 
tena, the scene of horror almost deprived me of my faculties ; 
my mind was filled with mingled compassion and terror; 
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BotMag luid escaped $ all was levelled with the dust; not a 
single house or piece of wall remained ; on ail sides were 
h^ps of stone so destitute of form that they gave no con* 
ception of there ever having been a town on the spot* The 
stench of the dead bodies still rose from the ruins. I con* 
versed with many persons who had been buried for three, 
four, or even for five days; I questioned them respecting 
their sensations in so dreadful a situation, and they agreed 
that, of all the physical evils they endured, thirst was the 
most intolerable ; and that their mental agony was increased 
by the idea that they were abandoned by their friends, who 
might have rendered them assistance.* 

It is supposed that about a fourth part of the inhabitants 
of Polistena, and of some other towns, were buried alive, and 
might have been saved had there been no want of hands ; 
but in so general a calamity, where each was occupied with 
his own misfortunes or those of his family, aid could rarely be 
obtained. Neither tears, nor supplications, nor promises of 
high rewards were listened to. Many acts of self-devotion, 
prompted by parental and conjugal tenderness, or by friend- 
ship, or the gratitude of faithful serv ants, are recorded ; but 
individual exertions were, for the most pai^t, ineffectual. It 
frequently happened, that persons in search of those most 
dear to them could hear their moans — could recognise their 
voices — were certain of the exact spot where they lay buried 
beneath their feet, yet could afford them no succour. The 
piled mass resisted all their strength, and rendered their 
efforts of no avail. 

At Terranuova, four Augustin monks, who had taken refuge 
in a vaulted sacristy, the arch of which continued to support 
an immense pile of ruins, made their cries heard for the space 
of four days. One only of the brethren of the whole convent 
was saved, and ‘ of what avail was his strength to remove the 
enormous weight of rubbish which had overwhelmed bis 
companions ? ’ He heard their voices die away gradually ; 
and vfhen afterwards their four corpses were disinterred, they 
were found clasped in each other’s arms. Affecting uarrt%tives 


* Pinkerton’s Voyage® und Travel®, rol. r, a® cited above, p. U7, note. 
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are )^reserved of ntotliera sared after the fifth, sixth, and even 
•evenili daj of their interment, when their infante or children 
had perished with hanger. 

It might hare been imagined that the sight of snfferings 
each as these would hare been sufficient to awaken senti- 
ments of humanity and pity in the most savage breasts ; but 
while some acts of heroism are related, nothing could exceed 
the general atrocity of conduct displayed by the Calabrian 
peasants : they abandoned the farms, and flocked in great 
numbers into the towns — not to rescue their countrymen 
from a lingering death, but to plunder. They dashed through 
the streets, fearless of danger, amid tottering walls and 
clouds of dust, trampling beneath their feet the bodies of the 
wounded and half-buried, and often stripping them, while 
yet living, of their clothes.* 

But to enter more fully into these details would be foreign 
to the purpose of the present work, and several volumes would 
be required to give the reader a just idea of the sufleriugs 
which the inhabitants of many populous districts have under- 
gone during the earthquakes of the last 150 years. A bare 
mention of the loss of life— as that 60,000 or 100,000 souls 
perished in one catastrophe — conveys to the reader no idea 
of the extent of misery inflicted : we must learn, from the 
narratives of eye-witnesses, the various forms in which death 
was encountered, the numbers who escaped with loss of limbs 
or serious bodily injuries, and the multitude wdio were sud- 
denly reduced to penury and want. It has been often re- 
marked that the dread of earthquakes is strongest in the 
minds of those who have experienced them most frequently ; 
whereas, in the case of almost every other danger, familiarity 
with peril renders men intrepid. The reason is obvious — 
scarcely any part of the mischief apprehended in this instance 
is imaginaiy ; the first shock is often the most destructive ; 
and, as it may occur in the dead of the night, or if by day, 
without giving the least warning of its approach, no fore- 
thought can g^ard against it ; and when the convulsion has 
begun, no skill, or courage, or presence of mind, can point 


* Dolomieo, Pinkerton’s Voyages and Travels, vol. v. 
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out the path of safety. During the iuterfsls, of uncertain 
duration (lasting perhaps for centuries), between the more 
fotal shocks, slight tremors of the soil are not unfrequent ; 
and 08 these sometimes precede more violent convulsions, 
they become a source of anxiety and alarm. The terror 
arising from this cause alone is of itself no inconsiderable 
evil. 

Although sentiments of pure religion are frequently 
awakened by these awful visitations, yet we more commonly 
6nd that an habitual state of fear, a sense of helplessness, 
and a belief in the futility of all human exertions, prepare 
the minds of the vulgar for the influence of a demoralising 
superstition. 

Where earthquakes are frequent, there can never be perfect 
security of property under the best government; industry 
cannot be assured of reaping the fruits of its labour ; and the 
most daring acts of outrage may occasionally be perpetrated 
with impunity, when the arm of the law is paralysed by the 
general consternation. It is hardly necessary to add, that 
the progress of civilisation and national wealth must be re- 
tarded by convulsions which level cities to the ground, destroy 
harbours, throw down bridges, render roads impassable, and 
cause the most cultivated valley-plains to be covered with 
lakes, or the ruins of adjoining hills. 

In regions exposed to the frequent recurrence of sevens 
shocks, experience and scientific knowledge might, no doubt, 
alleviate the evil. 

The Calabrian towns of mediaeval date were most of them 
perched, for the purposes of defence and security, on the tops 
of isolated hills, where they are said to be rocked by every 
shock like sailors on the top of a mast.* These sites have 
usually precipices on several sides, over the edges of which 
the tottering buildings may readily be precipitated together 
with some of the ground on which their foundations repose. 
When towns are placed in the more opefi country, and con- 
structed on such a plan, and of such materials as are best 
suited to lessen the danger, the loss of life must be sensibly 


* Xallet. KeftpoUtan Earthquake of 1857, vol. i. p, SO. 
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ditniiiidiCNL That architects do not despair of saccessfally 
contending with the danger, is shown by their frequently 
adyertising their houses in Sicily as earthquake-proof. 

I shall endeavour to point out in the sequel, that the 
general tendency of subterranean movements, when their 
effects are considered for a sufficient lapse of ages, is emi- 
nently beneficial, and that they constitute an essential part 
of that mechanism by which the integrity of the habitable 
surface is preserved, and the very existence and perpetuation 
of dry land secured. Why the working of this same machi- 
nery should be attended with so much evil, is a mystery far 
beyond the reach of our philosophy, and must probably remain 
so until we are permitted to investigate, not our planet alone 
and its inhabitants, but other parts of the moral and material 
universe wnth which they may be connected. Could our 
survey embrace other worlds, and the events, not of a few 
centuries only, but of periods as indefinite as those with 
which geology renders us familiar, some apparent contradic- 
tions might be reconciled, and some difficulties would doubt- 
less be cleared up. But even then, as our capacities are 
finite, while the scheme of the universe may be infinite, both 
in time and space, it is presumptuous to suppose that all 
sources of doubt and perplexity would ever be removed. On 
the contrary, they might, perhaps, go on augmenting in 
number, although our confidence in the wisdom of the plan 
of Nature should increase at the same time ; for it has been 
justly said, that the greater the circle of light, the greater the 
boundary of darkness by which it is surrounded.* 


Sir H. Davy, Consolations in Travel, p. 246. 
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CHAPTER XXX. 

EABTHQUAKES — continued. 


EARTHQUAlUi OF JAVA, 1772 — TRTTNCATION OF A LOl-TX OOKK — »T. 1>OM1NOO, 
1770 — UMiSOX, 1755 — UUKAT AKKA OVKtt WHICH TU« SMlXTKS KXTRNimO — 
RKTHKAT OF TH8 »KA~— PBOI\)8KH KXP1.AXATIOX8 — CONCKPTIOX BAY, 1751 — 
PBKVAXKKT RLEVATIOX— PKJiU, 1746 — JAVA, 1699 — HIVKHS OBSTttUlTKB BY 
LAKD8L1FS — 8UB81DKKCK IN SICILY, 1693 — MOLUCCAS, 1693 — JAMAICA, 1692 — 
LAtlGB TRACTS ICNOULPHKO— Pt>WTloN OF POUT ROYAL SUNK — AMOUNT OF 
CHANGE IN THE lAST 170 YKAKS — ELEVATION AND SUBSIDENCE OF LAND IN BAY 
OF flAUR — BVIDENCE OF THE SAME AFFORDED BY THE TEMPLE OF SKUAPtS. 


Ix this chapter, I shall conclude my remarks on the earth- 
quakes of the 18th century, and then pass on to those of 
earlier date respecting which we have information which may 
be of interest to the geologist. 

Java, 1772 . — Truncation of a lofty com , — In the year 1772, 
Papandayang, formerly one of the loftiest volcanos in the 
island of Java, was in eruption. Before all the inhabitants 
on the declivities of the mountain could save themselves by 
flight, the ground is said to have given way, and a great part 
of the volcano to have fallen in and disappeared. It was 
estimated that an extent of ground of the mountain itself 
and its immediate environs, 15 miles long and full 6 broad, 
was by this commotion swallowed up in the bowels of the 
earth. Forty villages were destroyed, some being engulphed 
and some covered by the substances thrown out on this 
occasion, and 2,957 of the inlmbitants perished. A pro- 
portionate number of cattle were also killed, and most of the 
plantations of cotton, indigo, and coffeS in the adjacent 
district® were buried under the volcanic matter. This cata- 
strophe appears to have resembled, although on a grander 
scale, that of the ancient Vesuvius in the year 79. The cone 
was reduced in height from 9,000 to about 5,000 feet ; and, 
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m itill escape firom the crater on ita summit, a new 

c<me may one day rise out of the mins of the ancient monn> 
tarn, as the modem Yesavins has risen from the remains of 
Somma.* 

Jnnghahn, who examined the mountain in 1842, was 
nnable to obtain positive proof that there had been a sinking 
in of the ground, and concluded that, if any, it must have 
been near the summit of the cone, or where a new crater was 
formed. He found that the towns and villages destroyed 
were far distant from the summit, and buried under a mass 
of ejected materials ; so that they seem to have suffered the 
fate of Herculaneum and Pompeii, and the lowering of the 
mountain was probably due for the most part to explosion, 
rather than to engulphment. 

St. Domingo, 1770. — During a tremendous earthquake 
which destroyed a great part of St. Domingo, innumerable 
fissures were caused throughout the island, from which 
mephitic vapours emanated and produced an epidemic. Eot 
springs burst forth in many places where there had been no 
water before ; but after a time they ceased to fiow.f 

In a previous earthquake, in November 1751, a violent 
shock destroyed the capital, Port-au-Prince, and part of the 
coast, twenty leagues in length, sank down, and has ever 
since formed a bay of the sea.^ 

Hindostan, 1762. — The town of Chittagong, in Bengal, was 
violently shaken by an earthquake, on April 2, 1762, the 
earth opening in many places, and throwing up water and 
mud of a sulphureous smell. At a place called Bardavan, a 
large river was dried up ; and at Bar Charra, near the sea, a 
tract of ground sank down, and 200 persons, with all their 
cattle, were lost. It is said that 60 square miles of the 
Chittagong coast suddenly and permanently subsided daring 
this earthquake, and that Ces-lung-Toom, one of the Mug 
mountains, entirely disappeared, and another sank so low, 
that its summit only remained visible. Four hills are nlnp 

* Dr. Horsfleld, Batav. Tran*. toI. t Eaaai snr THist. Nat. de I’lgle de 
viii. p. 26. Haffles’s account (History St, Bomingue. Paris, 1776. 
of Java, Tol. i.) i» derived from Hors- J HisL de TAcadL dee Sciences, 
field* 1752. Paris. 
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deaeribed aslumng been T&rionsly tent asnndo*, leaving open 
cbaems from 80 to 60 fbet in width. Towns which snbsided 
several cnbits, were overflowed with water; among others 
Deep Gong, which was submerged to the depth of 7 cubits. 
Two volcanos are said to have opened in the Secta Cauda 
hills. The shock was also felt at Calcutta.* While the 
Chittagong coast was sinking, a corresponding rise of the 
ground took place at the island of Ramree, and at Cheduba. 
(See Map, fig. 65, Vol. I. p. 587.)t 

Earthquake of Lisbon, 1755 . — Extent of the shoeh — In no 
part of the volcanic region of southern Europe has so 
tremendous an earthquake occurred in modern times as that 
which began on November 1, 1755, at Lisbon. The in- 
habitants had had no warning of the coming danger, when a 
sound like that of thunder was heard underground, and 
immediately afterwards a violent shock threw down the 
greater part of their city. In the course of about six minutes 
60,000 persons perished. The sea first retired and laid the 
bar dry ; it then rolled in, rising 50 feet or more above its 
ordinary level. The mountains of Arrabida, Estrella, Julio, 
Marvan, and Cintra, being some of the largest in Portugal, 
were impetuously shaken, as it were, from their very foun- 
dations ; and some of them opened at their summits, which 
were split and rent in a wonderful manner, huge masses 
of them being thrown down into the subjacent valleys. J 
Flames are related to have issued from these mountains, 
which are supposed to have been electric ; they are also said 
to have smoked ; but vast clouds of dust may have given rise 
to this appearance. 

Svbsidence of the quay . — Among other extraordinary events 
related to have occurred at Lisbon during the catastrophe, 
was the subsidence of a new quay, built entirely of marble 
at an immense expense. A great concourse of people had 
collected there for safety, as a spot where they might be 
beyond the reach of falling ruins; but*saddenly the quay 

* M*Clellaiid*8 Report on Min. Re- t Joum. Aitiat. Soc. Bengal, vol. e. 
sources of India, 1838. Calcutta. Fur pp. 361, 433. 

otJber particolart, aee Phil. Trans, vol. | Hist and Philos, of Earthquakes, 
liii. p. 817. 
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Mudc down with all the people on it, and not one 6f the dead 
bodies erer floated to the sor&ce. A. great namber of boats 
and small vessels anchored near it, all fall of people, were 
swallowed np, as in a whirlpool.'*^ No fragments of these 
wrecks ever rose again to the surface, and the water in the 
place where the quay had stood is stated, in many acconnts, 
to be unfathomable ; but Whitehurst says he ascertained it 
to be 100 fathoms.f 

Circumstantial as are the contemporary narratives, I was 
informed by Mr. F. Freeman, in 1841, that no part of the 
Tagus was then more than 30 feet deep at high tide, and an 
examination of the position of the new quay, and the 
memorials preserved of the time and manner in which it was 
built, render the statement of so great a subsidence in 1755 
quite unintelligible. Perhaps a deep narrow chasm, such as 
was before described in Calabria (p. 125), opened and closed 
again in the bed of the Tagus, after swallowing up some 
vessels and adjoining buildings. We have already seen that 
such openings may collapse after the shock suddenly, or in 
places where the strata are of soft and yielding materials, 
very gradually. According to the observations made at 
Lisbon, in 1837, by Mr. Sharjw, the destroying effects of this 
eailhquake were confined to the tertiary strata, and were 
most violent on the blue clay, on which the lower part of the 
city is constructed. Not a building, he says, on the secondary 
limestone or the basalt w’as injured.}: 

The area over which this convulsion extended is very 
remarkable. It has been conjputed, says Humboldt, § that 
on November 1, 1755, a portion of the earth’s surface four 
times greater than the extent of Europe was simultaneously 
shaken. The shock was felt in the Alps, and on the coast of 
Sweden, in small inland lakes on the shores of the Baltic, in 
Thuringia, in the flat country of northern Germany, and in 


* I<rv. 0. Daryg Letters, toI. ii. t On the Formation of the Earth, 

I.rett«r ii, p, 12. H© was at Lisbon at p. 55. 

the time, and ascertained that the boats J Proc. Geol. Soc. No. 60, p, 36. 

and vessels said to hare been swallowed 1638. 

were missing. § Cosmos, vol. i. 
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Qteai Britain. The thermal springa of T&plita dried up, and 
again returned, inundating everything with water discoloured 
by ochre. In the islands of Antigua, Barbadoes, and Mar- 
tinique in the West Indies, where the tide usnallj rises little 
more than 2 feet, it suddenly rose above 20 feet, the water 
being discoloured and of an inky blackness. The movement 
was also sensible in the great lakes of Canada. At Algiers 
and Fez, in the north of Africa, the agitation of the earth 
was as violent as in Spain and Portugal ; and at the distance 
of 8 leagues from Morocco, a village with the inhabitants, to 
the number of about 8,000 or 10,000 persons, is said to have 
been swallowed up ; the earth soon afterwards closing over 
them. 

Shochg fdt at sea. — The shock wM felt at sea, on the deck 
of a ship to the west of Lisbon, and produced very much the 
same sensation as on dry land. Off St. Lucar, the captain 
of the ship ‘Nancy’ felt his vessel so violently shaken, that he 
thought she had struck the ground ; but, on heaving the 
lead, found a great depth of water. Captain Clark, off Denia, 
on the east coast of Spain, in latitude .Se" 24' N., between 9 
and 10 in the morning, had his ship shaken and strained as 
if she had struck upon a rock, so that the seams of the deck 
opened, and the compass was overturned in the binna.cle. 
Another ship, 40 leagues west of St. Vincent, experienced so 
violent a concussion, that the men were thrown a foot and a 
half perpendicularly up from the deck. 

Rate at which the movement travelled. — The agitation of 
lakes, rivers, and springs, in Great Britain, was remarkable. 
At Loch Lomond, in Scotland, for example, the water, with- 
out the least apparent cause, rose against its banks, and then 
subsided below its usual level. This is explained by sup- 
posing that the water does not partake of the sudden shove 
given to the land, so that it dashes over that side of the 
basin from which the shock is given. Tke greatest vertical 
height of the rise in Loch Lomond was 2 feet 4 inches. It 
is said that the undulatory movement of this earthquake 
travelled at the rate of 20 miles a minute, its velocity being 
calculated by the intervals between the time when the first 
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abook was felt at Lisbon, and its lame of occurrence at aereral 
distant ^aces.* 

Chreat wave and retreat of ike $ea. — A great wave swept 
orer the coast of Spain, and is said to have been 60 feet high 
at Cadiz. At Tangier, in Africa, it rose and fell 18 times on 
the coast. At Fnnchal, in Madeira, it rose full 15 feet per> 
pendicular above high-water mark, although the tide, which 
ebbs and flows there 7 feet, was then at half ebb. Besides 
entering the city, and committing great havoc, it over- 
flowed other seaports in the island. At Kinsale, in Ireland, 
a body of water rushed into the harbour, whirled round 
several vessels, and poured into the market-place. 

It was before stated that the sea first retired at Lisbon ; 
and this retreat of the ocean from the shore, at the com- 
mencement of an earthquake, and its subsequent return in a 
violent wave, is a common occurrence. In order to account 
for the phenomenon, Michell (see Vol. I. p. 61) imagined a 
subsidence at the bottom of the sea, from the giving way of 
the roof of some cavity in consequence of a vacuum produced 
by the condensation of steam. Such condensation, he 
observes, might be the first effect of the introduction of . a 
large body of water into fissures and cavities already filled 
with steam, before there has been sufficient time for the heat 
of the incandescent lava to turn so large a supply of water 
into steam, which being soon accomplished causes a greater 
explosion. 

Another proposed explanation is, the sudden rise of the 
land, which would cause the sea to abandon immediately the 
ancient line of coast; and if the shore, after being thus 
heaved up, should fall again to its original level, the ocean 
would return. This theory, however, will not account for 
the facts observed during the Lisbon earthquake ; for the 
retreat preceded the wave, not only on the coast of Portugal, 
but also at the island of Madeira, and several other places. 
If the upheaving of the coast of Portugal had caused the 
retreat, the motion of the waters, when propagated to 
Madeira, would have produced a wave previous to the retreat. 

The shock transmitted through the earth iium Lisbon, 
* Qeol. 8oe« Proceedingf* Ko. 60, p. 36. 1838. 
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readied ll^eira in 25 minntM, and the aea^wave took 2^ 
hours to trarel the same disiance, which agrees well with the 
time which it required to reach other places according to 
their distance. We cannot, therefore, explain the great 
motion of the waters at Madeira by a momentary upward 
movement of the solid crust of the earth, for in that case the 
rise of the beach would have occurred at the first period or 
25 minutes after the Lisbon shock ; besides, it will 1^ seen in 
the sequel, page 153, that where the sea is deep near the shore, 
and the beach very steep, as in Madeira, the land-wave can- 
not cause a retreat of the sea. 

The following is another solution of the problem, which 
lias been offered : — Suppose a portion of the bed of the sea 
to be suddenly upheaved ; the first effect will be to niise over 
the elevated part a body of water, the momentum of which 
will carry it much above the level it will afterwards assume, 
causing a draught or receding of the water from the neigh- 
bouring coasts, followed immediately by the return of the 
displaced water, which will also be impelled by its momentum 
much farther and higher on the coast than its former level.* 

Mr. Darwin, when alluding to similar waves on the coast 
of Chili, states his opinion, that ‘ the whole phenomenon is 
due to a common undulation in the water, proceeding from a 
line or point of disturbance some little way distant. If the 
waves,’ he says, ‘ sent off from the paddles of a steam-vessel 
be watched breaking on the sloping shore of a still river, the 
water will be seen first to retire two or three feet, and then 
to return in little breakers, precisely analogous to those con- 
sequent on an earthquake. He also adds, that ‘ the earth- 
quake-wave occurs some time after the shock, the water at 
first retiring both from the shores of the mainland and of 
outlying islands, and then returning in mountainous breakers. 
Their size is modified by the form of the neighbouring coast ; 
for it is ascertained in South America, thlit places situated at 
the head of shoaling bays have suffered most, whereas towns 
like Valparaiso, seated close on the border of a profound 


* Quarterly Beview, No. Ixxxri. p. 469. 
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ocean, have never been inundated, though severely du^en 
fay earthquahes.’* 

More recently (February, 1846), Mr. Mallet, in his memoir 
above cited (p. 1S7), has endeavoured to bring to bear on this 
difflonlt subject the more advanced knowledge obtained of 
late years respecting the true theory of waves. He conceives 
that when the origin of the shock is beneath the deep ocean, 
one wave is propagated through the land, and another 
moving with inferior velocity is formed on the surface of the 
ocean. This last rolls in upon the land long after the earth- 
wave has arrived and spent itself. However irreconcilable 
it may be to our common notions of solid bodies, to imagine 
them capable of transmitting, with such extreme velocity, 
motions analogous to tidal waves, it seems nevertheless cer- 
tain that such undulations are produced, and it is supposed 
that when the shock passes a given point, each particle of 
the solid earth describes part of an ellipse in space. The 
facility with which all the particles of a solid mass can be 
made to vibrate may be illustrated, says Gay-Lussac, by many 
familiar examples. If we apply the ear to one end of a long 
wooden beam, and listen attentively when the other end is 
struck by a pin’s head, we hear the shock distinctly ; which 
shows that every fibre throughout the whole length has been 
made to vibrate. The rattling of carriages on the pavement 
shakes the largest edifices ; and in the quarries underneath 
some quarters in Paris, it is found that the movement is 
communicated through a considerable thickness of rock.f 
The great sea-wave originating directly over the centre of 
disturbance is propagated, as Michell correctly stated, in 
every direction, like the circle upon a pond when a pebble is 
dropped into it, the different rates at which it moves depend- 
ing (as he also suggested) on variations in the depth of the 
water. This wave of the sea, says Mr. Mallet, is raised by 
the impulse of the shock immediately below it, which in 
great earthquakes lifts up the ground 2 or 3 feet vertically. 
The velocity of the shock, or earth- wave, is greater because 

♦ Darwin’s TravelB in South Arae- f Ann. de Ch. et de Ph. tom. xdi. 
rica, &c.» 1882 to 1886. Voyage of p. 428. 

H.M.S. Beagle, voL iii. p. 877* 
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it * depends n|K« a fbnction of the elastidty of the cmst of 
the earth, whereas the velocitj of the sea- wave depends upon 
a function of the depth of the sea.* 

‘Although the shock in its passage under the deep ocean 
gives no trace of its progress, it no sooner gets into soundings 
or shallow water, than it gives rise to another and smaller 
wave of the sea. It oarries, as it were, upon its back, this 
lesser aqueous undulation; a long narrow ridge of water, 
which corresponds in form and velocity to itself, being poshed 
up by the partial elevation of the bottom. It is this small 
wave, called technically the “ forced sea-wave,” which com- 
municates the earthquake-shock to ships at sea, os if tliey 
had struck upon a rock. It breaks upon a coast at the same 
moment that the shock reaches it, and sometimes it may 
cause an apparent slight recession from the shore, followed 
by its flowing up somewhat higher than the usual tide mark : 
this will happen where the beach is very sloping, as is usual 
where the sea is shallow, for then the velocity of the low flat 
earth-wave is such, that it slips, as it were, from under the 
undulation in the fluid above. It does this at the moment 
of reaching the beach, which it elevates by a vertical height 
equal to its own, and as instantly lets drop again to its 
former level.’ 

‘ While the shock propagated through the solid earth has 
thus travelled with extra rapidity to the Land, the great sea- 
wave has been following at a slower pace, though advancing 
at the rate of several miles in a minute. It consists, in the 
deep ocean, of a long low swell of enormous volume, having an 
equal slope before and behind, and that so gentle that it 
might pass under a ship without being noticed. But when 
it reaches the edge of soundings, its front slope, like that of 
a tidal wave under similar circumstances, becomes short and 
steep, while its rear slope is long and gentle. If there be 
water of some depth close into shore, this great wave may 
roll in long after the shock, and do little damage : but if 
the shore be shelving, there will be first a retreat of the 
water, and then the wave will break upon the beach and roll 
in far upon the land.’* 

♦ Mallet, Proceed. Hoy. Iriih Acad. 1S46. 
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ICIm irariotu opiniofiM which have been offered MieheQ 
asid later writen, respecting the remote causes of earthquake 
shocks in the interior of the earth, will more properly be 
discnssed in Chapter xzxin. 

OMU, 1761. — On May 24, 1751, the ancient town of Con- 
ception, otherwise called Penco, was totally destroyed by an 
earthquake, and the sea rolled orer it. (See plan of the 
bay, fig. 110, p. 92.) The ancient port was rendered entirely 
useless, and the inhabitants built another town about 10 
miles firom the sea-coast, in order to be beyond the reach of 
similar inundations. At the same time, a colony recently 
settled on the sea-shore of Juan Fernandez, 365 miles 
distant from Penco, was almost entirely overwhelmed by a 
wave which broke upon the shore. 

It has been already stated, that in 1835, or 84 years after 
the destruction of Penco, the same coast was overwhelmed 
by a similar flood from the sea during an earthquake ; and 
it is also known that 21 years before (or in 1730), a like 
wave rolled over these fated shores, in which many of the 
inhabitants perished. A series of similar catastrophes has 
also been tracked back as far as the year 1590,* beyond 
which we have no memorials save those of oral tradition. 
Molina, who has recorded the customs and legends of the 
aborigines, tells us, that the Araucanian Indians, a tribe 
inhabiting <he country between the Andes and the Pacific, 
including the part now called Chili, ‘ had among them a 
tradition of a gi'eat deluge, in which only a few persons were 
saved, who took refuge upon a high mountain called Thegtheg, 
“ the thundering,” which had three points.’ Whenever a 
violent earthquake occurs, these people fly for safety to the 
mountains, assigning as a reason, that they are fearful, 
after the shock, that the sea will again return and deluge the 
world,t 

Notwithstanding the tendency of writers in his day to 
refer all traditionaiy inundations to one remote period, 
Molina remarks that this flood of the Arancanians ‘ was 
probably very different from that of Noah.’ We have, 
indeed, no means of conjecturing how long this same tribe 

* See Father Acosta’s "work ; and Sir ings, toI. ii. p. 215. 

Woodbine Parish, Geol, Soc. Proceed- t Molina, Hist of ChiU, toL ii. 
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Itad fioorislied in Chili, bat we can Maroelf doobt, that if its 
expearioioe reached back er^ for three or four coDtaries, 
serml inroads of the ocean must hare occurred within that 
period. But the memory of a succession of physical erents, 
similar in kind, though distinct in time, can nerer be pre- 
serred by a people destitute of written annals. Before two 
or three generations hare passed away all dates are forgotten, 
and eren the erents themselres, unless they hare giren 
origin to some customs, or religious rites and ceremonies. 
Oftentimes the incidents of many different earthquakes and 
floods become blended together in the same narratire ; and 
in such cases the single catastrophe is described in terms so 
exaggerated, or is so disguised by mythological fictions, as 
to be utterly valueless to the man of science. 

Proofs of elevation of the coast. — During a late surrey of 
Conception Bay, Captains Beechey and Sir E. Belcher dis- 
corered that the ancient harbour, which formerly admitted all 
large merchant vessels which went round Cape Horn, is now 
occupied by a reef of sandstone, certain points of which 
project above the sea at low water, the greater part being 
very shallow. A tract of 1^ mile in length, where, accord- 
ing to the report of the inhabitants, the water was for- 
merly 4 or 5 fathoms deep, is now a shoal ; consisting, as 
our hydrographers found, of hard sandstone, so that it 
cannot be supposed to have been formed by recent deposits 
of the river Biobio, an arm of which carries down loose 
micaceous sand into the same bay. 

It is impossible at this distance of time to afl^m that the 
bed of the sea was uplifted at once to the height of 24 feet, 
during the single earthquake of 1751, because other move- 
ments may have occurred subsequently ; but it is said, that 
ever since the shock of 1751, no vessels have been able to 
approach within 1^ mile of the ancient port of Pence. 
(See Map, p. 92.) In proof of the former elevation of the 
coast near Pence, our surveyors, foun^ above high-water 
mark an enormous bed of shells of the same species as those 
now living in the bay, filled with micaceous sand like that 
which the Biobio now conveys to the bay. These shells, as 
well as others, which cover the adjoining hilb of mica-schist 
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to ilte beighi of sereral hundred fijet, have been examined 
by experienced conchologiste, and identified with those taken 
at the same time in a Kving state from the bay and its 
neighbourhood.^ 

Ulloa, therefore, was perfectly correct in his statement 
that, at various heights above the sea between Talcahuano 
and Conception, ‘ mines were found of various sorts of shells 
used for lime of the very same kinds as those found in the 
adjoining sea/ Among them he mentions the great mussel 
called Chores, and two others which he describes. Some of 
these, he says, are entire, and others broken ; they occur at 
the bottom of the sea, in 4, 6, 10, or 12 fathom water, 
where they adhere to a sea-plant called Cochayuyo. They 
are taken in dredges, and have no resemblance to those 
found on the shore or in shallow water ; yet beds of them 
occur at various heights on the hills. ‘ I was the more 
pleased with the sight, ^ he adds, ^as it appeared to me 
a convincing proof of the universality of the deluge, although 
I am not ignorant that some have attributed their position 
to other causes.’f It has, however, been ascertained that 
the foundation of the Castle of Peiico was so low in 1835, 
or at so inconsiderable an elevation above the highest spring 
tides, as to discountenance the idea of any permanent up- 
heaval in modem times, on the site of that ancient port ; 
but no exact measurements or levellings appear as yet to 
have been made to determine this point, which is the more 
worthy of investigation, because it may throw some light 
on an opinion often promulgated of late years, that there is 
a tendency in the Chilian coast, after each upheaval, to sink 
gradually and return towards its former position. 

Pentry 1746. — Peru was visited, on October 28, 1746, by 
a tremendous earthquake. In the first 24 hours, 200 shocks 
were experienced. The ocean twice retired and returned 
impetuously upon the land : Lima was destroyed, and part 
of the coast near Callao was converted into a bay : 4 other 
harbours, among which were Cavalla and Guanape, shared 

* Captain Belcher showed me these + Ulloa’s Voyage to South America, 
shells, and the collection was examined ''t’ol. ii. book riii. ch. vi. 
by Mr. Broderip. 
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the same &te« ISiere were 23 ships and vessels, great and 
small, in the harbour of Callao, of which 19 were sunk; and 
ihe other 4, among which was a frigate called ^ St Fermin/ 
were carried by the force of the waves to a great distance up 
the country, and left on dry ground at a considerable height 
above the sea. The number of inhabitants in this city 
amounted to 4,000. 200 only escaped, 22 of whom were 

saved on a small fragment of the fort of Vera Cruz, which 
remained as the only memorial of the town after this dreadful 
inundation. Other portions of its site were completely 
covered with heaps of sand and gravel. 

A volcano in Lucanos burst forth the same night, and 
such quantities of water descended from the cone that the 
whole country was overflowed ; and in the mountain near 
Pataz, called Conversiones de Caxamarquilla, three other 
volcanos burst out, and frightful torrents of water swept 
down their sides.* 

There are several records of prior convulsions in Peru, 
accompanied by similar inroads of the sea, one of which 
happened 59 years before (in 1687), when the ocean, ac- 
cording to Ulloa, first retired and then returned in a moun- 
tainous wave, overwhelming Callao and its environs, with 
the miserable inhabitants.f This same wave, according to 
Lionel Wafer, carried ships a league into the country, and 
drowned man and beast for 50 leagues along the shore.! 
Inundations of still earlier dates are carefully recorded by 
Ulloa, Wafer, Acosta, and various writers, who describe 
them as having expended their chief fury some on one part 
of the coast, some on another. 

But aU authentic accounts cease when we ascend to the 
era of the conquest of Peru by the Spaniards. The ancient 
Peruvians, although far removed from barbarism, were with- 
out written annals, and therefore unable to preserve a distinct 
recollection of a long series of natural events. They had, 
however, according to Antonio de Hefrera, who, in the 
beginning of the 17th century, investigated their antiquities, 

* Ulloa^s Voyag® to South Axoorica, t Wafer, citod by Sir W . Flimsb, 
voL il book vii. ch. vii. Creol. Soc. Proceeding#, voL il p. 216. 

t Ibid. Tol. ii. p. 82. 
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» ^iluit maaj yean befon the reign of the Incaa, 

ttt atime when the conntiy was reiy popnlons, thrare happened 
a great flood ; the sea brealdng ont ^yond its bounds, so that 
the land was oorei'ed with water and all the people perished. 
To this the Gnacas, inhabiting the rale of ^nsca, and the 
natares of Chiqnito, in the prorince of Callao, add that some 
persons remained in the hollows and cares of the highest 
mountains, who again peopled the land. Others of the moun- 
tain people affirm that all perished in the deluge, only 6 
persons teing saved on a float, from whom descended all the 
inhabitants of that country.’* 

On the mainland near Lima, and on the neighbouring 
island of San Lorenzo, Mr. Darwin found proofs that the 
ancient bed of the sea had been raised to the height of more 
than 80 feet above water within the human epoch, strata 
having been discovered at that altitude, containing pieces 
of cotton thread and plaited rush, together with sea-weed 
and marine shells.f The same author learnt from Mr. GiU, 
a civil engineer, that he discovered in the interior near Lima, 
between Casma and Huaraz, the dried-up channel of a large 
river, sometimes worn through solid rock, which, instead of 
continually ascending towards its source, has, in one place, 
a steep downward slope in that direction, for a ridge or line 
of hills has been uplifted directly across the bed of the stream, 
which is now arched. By these changes the water has been 
turned into some other course ; and a district, once fertile, 
and still covered with ruins, and bearing the marks of 
ancient cultivation, has been converted into a desert. J 

Java, 1699. — On January 5, 1699, a terrible earthquake 
visited Java, and no less than 208 considerable shocks were 
reckoned. Many houses in Batavia were overturned, and 
the flame and noise of a volcanic eruption were seen and 
heard in that city, which were afterwards found to proceed 
from Mount Salek, § a volcano 6 days’ journey distant. 
Next morning the Batavian river, which has its rise from 
that mountain, became very high and muddy, and brought 

* Hiat. of America, decad. iii. book t Ibid. p. 413. 
xi. ch. i. $ Miaepelt ‘ Salee ’ in Hooke’s Ac- 

t Corwin’s Joamal, p. 461. coant. 
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down abondanoe cf busheB iuid treei, half bamt. The 
ebaonel of tlie river bein^ stopped op, the water overflowed 
ibe oomabcj roond the gardens about the town, and some of 
the streets, so that fishes lay dead in them. All the fish in 
the river, except the carp, were killed by the mod and turbid 
water. A great number of drowned buffisioes, tigers, rhino- 
ceroses, deer, apes, and other wild beasts, were brought down 
by the current ; and, ‘ notwithstanding,’ observes one of the 
writers, ‘ that a crocodile is amphibious, several of them were 
found dead among the rest.’* 

It is stated that seven hills bounding the river sank down ; 
by which must be meant, as by similar expressions in the 
description of the Calabrian earthquakes, seven great land- 
slips. These hills, descending some from one side of the 
valley and some horn the other, filled the channel, and the 
waters then finding their way under the mass, flowed out 
thick and muddy. The Tangarau river was also dammed up 
by nine hills, and in its channel were large quantities of drift 
trees. Seven of its tributaries also are said to have been 
‘ covered up with earth.’ A high tract of forest land, between 
the two great rivers before mentioned, is described as having 
been changed into an open country, destitute of trees, the 
surface being spread over with a fine red clay. This part of 
the account may, perhaps, merely refer to the sliding down 
of woody tracts into the valleys, as happened to so many 
extensive vineyards and olive-grounds, in Calabria, in 1783. 
The close packing of large trees in the Batavian river is 
represented as very remarkable, and it attests in a striking 
manner the destruction of soil bordering the valleys which 
had been caused by floods and landslip8.t 

Quito, 1698. — In Quito, on the 19th of July, 1698, during 
an earthquake, a gi'eat part of the crater and summit of the 
volcano Carguairazo fell in, and a stream of water and mod 
issued from the broken sides of the hill.^ 

Sicily, 1693. — Shocks of earthquakes spread over all Sicily 
in 1693, and on the 11th of January the city of Catania 
and 49 other places were levelled to the ground, and about 

* Hooke’s Posthumoiu Works, p. 437. t PhiL Trans. 1700. 

170S. ^ Humboldt, AU. Pit. p. 100. 
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100,000 people IcHled* The bottom of the sea, says Vicentiiio 
Bonsjatus, sank down considerably, in the ports, inclosed 
bays, and open parts of the coast, and water babbled up along 
the shores* Numerous long ftssnres of yarions breadths were 
caused, which threw out sulphurous water ; and one of them, 
in the plain of Catania (the delta of the Simeto), at the dis- 
tance of 4 miles from the sea, sent forth water as salt as the 
sea* The stone buildings of a street in the city of Noto, for 
the length of half a mile, sank into the ground, and remained 
lianging on one side. In another street, an opening large 
enough to swallow a man and horse appeared.* 

Moluccas, 1693. — The small Isle of Sorea, which consists 
of one great volcano, was in eruption in the year 1693. Dif- 
ferent parts of the cone fell, one after the other, into a deep 
crater, until almost half the space of the island was converted 
into a fiery lake. Most of the inhabitants fled to Banda ; but 
great pieces of the mountain continued to fall down, so that 
the lake of lava became wider ; and finally the whole popula- 
tion was compelled to emigrate. It is stated that, in propor- 
tion as the burning lake increased in size, the earthquakes 
were less vehement, t 

Jamaica, 1692 . — Subsidence in the harbour , — In the year 
1692, the island of Jamaica was visited by a violent earth- 
quake; the ground swelled and heaved like a rolling sea, 
and was traversed by numerous cracks, 200 or 300 of 
which were often seen at a time, opening and then closing 
rapidly again. Many people were swallowed up in these 
rents ; some the earth caught by the middle, and squeezed to 
death ; the heads of others only appeared above ground ; and 
some were first engulphed, and then cast up again with great 
quantities of water. Such was the devastation, that even in 
Port Royal, then the capital, where more houses are said to 
have been left standing than in the whole island besides, 
three-quarters of the buildings, together with the ground 
they stood on, sank down with their inhabitants entirely 
under water. 

The large store-house on the harbour side subsided, so as 


Phil. Trans. 1693-4. 


t De la B^e, Manual of Geol. p. 133, 2nd edition. 
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to be 24» S6, and 48 feet under water ; yet many of ibem 
^pear to bare remained standing, for it is stated that, after 
the earthquake, the mast-heads of sereral ships wrecked in 
the harbour, together with the chimney-tops of houses, were 
just seen projecting above the waves^ A tract of land round 
the town, about 4 OOO acres in extent, sank down in less than 
one minute, during the first shock, and the sea immediately 
rolled in. The * Swan’ frigate, which was repairing in the 
wharf, was driven over the tops of many buildings, and then 
thrown upon one of the roofs, through which it broke. The 
breadth of one of the streets is said to have been doubled by 
the earthquake. 

According to Sir H. de la B^he, the part of Port Royal 
described as having sunk was built upon newly-formed land, 
consisting of sand, in which piles had been driven ; and the 
settlement of this loose sand, charged with the weight of heavy 
houses, may, he suggests, have given rise to the subsidences 
alluded to.* 

There have undoubtedly been instances in Calabria and 
elsewhere of slides of land on which the houses have still 
remained standing ; and it is possible that sucli may have 
been the case at Port Royal. The fact at least of submerg- 
ence is unquestionable, for I was informed by the late Adminil 
Sir Charles Hamilton that he frequently saw the submerged 
houses of Port Royal in the year 1780, in that part of the 
harbour which lies between the town and the usual anchor- 
age of men-of-war. Bryan Edwards also says, in his 
History of the West Indies, that in 1793 the mins were 
visible in clear weather from the boats which sailed over 
them.f Lastly, Lieutenant B. Jeffery, R.N., told me that, 
being engaged in a survey between the years 1824 and 1835, 
he repeatedly visited the site in question, where the depth 
of the water is from 4 to 6 fathoms, and whenever there was 
but little wind perceived distinct traces of houses. He saw 
these more clearly when he used the instrument called the 
‘ diver’s eye,’ which is let down below the ripple of the 
wave.J 

* Be la B^be, Manual of G^eoL, p. t VoL i. p. 235, 8vo. ed 3 voU, ISOl^ 

133, second edition. { Letter to the Author, May 1338. 
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At sereral thonaaad plaoea in Jamaica iAe eurth is rdated 
to lunre opened. On the north of the uland, eerenl plan- 
taticms, with their inhabitants, were swallowed np, and a lake 
appeared in their place, oorering about 1,000 acres, which 
afterwards dried np, leaving nothing bat sand and gravel, 
withont the least sign that there had ever been a house or a 
tree there. Several tenements at Yallows were buried under 
landslips ; and one plantation was removed half-a-mile from 
its place, the crops continuing to grow upon it uninjured. 
Between Spanish Town and Sixteen-mile Walk, the high and 
perpendicular cliffs bounding the river fell in, stopped the 
passage of the river and flooded the latter place for 9 days, 
so that the people * concluded it had been sunk as Port Royal 
was.’ But the flood at length subsided, for the river had 
found some new passage at a great distance. 

Mountains shattered. — The Blue Mountains and others 
are declared to have been strangely tom and rent. They 
appeared shattered and half-naked, no longer affording a 
fine green prospect, as before, but stripped of their woods 
and natural verdure. The rivers on these mountains first 
ceased to flow for about 24 hours, and then brought down into 
the sea, at Port Royal and other places, several hundred 
thousand tons of timber, which looked like floating islands 
on the ocean. The trees were in general barked, most of their 
branches having been torn off in the descent. It is particu- 
larly remarked in this, as in the narratives of so many other 
earthquakes, that fish were taken in great numbers on the 
coast during the shocks. The correspondents of Sir Hans 
Sloane, who collected with care the accounts of eye-witnesses 
of the catastrophe, refer constantly to subsidences, and some 
supposed the whole of Jamaica to have sunk down.'’^ 

J^fieetians on the amount of change since the close of the 
ssve^eentk century . — I have now enumerated some few only of 
the earthquakes of the last and present centuries, respecting 
which facts illustrative of geological enquiries are on record. 
Even if my limits permitted, it would be an unprofitable task 
to examine all the obscure and ambiguous narratives of 


* FhiL Trans. 1694. 
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similar erents of earlier epochs ; although, if the places were 
now examined bj geologists well practised in the art of inter> 
pieting Ibe monuments of physical changes, many events 
which have happened within the historical era might 
doubtless be still determined with precision. It must not be 
imagined that, in the above sketch of the occurrences of a 
short period, I have given an account of all, or even the 
greater part, of the mutations which the earth has undergone 
% the agency of subterranean movements. Thus, for example, 
the earthquake of Aleppo, in the present century, and of 
Syria, in the middle of the 18th, would doubtless have afforded 
numerous phenomena, of great geological importance, had 
those catastrophes been described by scientific observers. 
The shocks in Syria in 1759 were protracted for three months, 
throughout a space of 10,000 square leagues : an area com- 
pared to which that of the Calabrian earthquake in 178:5 was 
insignificant. Accon, Saphat, Balbeck, Damascus, Sidon, 
Tripoli, and many other places, were almost entirely levelled 
to the ground. Many thousands of the inhabitants perished 
in each ; and, in the valley of Balbeck alone, 20,000 men are 
said to have been victims to the convulsion. In the absence 
of scientific accounts, it would he as irrelevant to our present 
purpose to enter into the details of such calamities, as to 
follow the track of an invading army, to enumerate the 
cities burnt or razed to the ground, and reckon the number 
of individuals who perished by famine or sword. 

If such, then, be the amount of ascertained changes in less 
than two centuries, notwithstanding the extreme deficiency 
of our records during that brief period, how important must 
we presume the physical revolutions to have been in the 
course of 30 or 40 centuries, during which some countries 
habitually convulsed by earthquakes have been peopled by 
civilised nations ! Towns engulphed during one earthquake 
may, by repeated shocks, have sunk to great depths beneath 
the surface, while the ruins remain as Imperishable as the 
hardest rocks in which they are enclosed. Buildings and 
cities, submerged, for a time, beneath seas or lakes, and 
covered with sedimentary deposits, niust, in some places, 
have been re-elevated to considerable heights above the level 
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of the ocean* The signs of these events hare, probably, been 
rendered visible by subsequent mutations, as by the en- 
croachments of the sea upon the coast, by deep excavations 
made by torrents and rivers, by the opening of new ravines, 
and chasms, and other effects of natural agents, so active in 
districts agitated by subterranean movements. 

If it be asked why, if such wonderful monuments exist, so 
few have hitherto been brought to light, we reply — because 
they have not been searched for. In order to rescue from 
oblivion the memorials of former occurrences, the enquirer 
must know what he may reasonably expect to discover, and 
under what peculiar local circumstances. He must be ac- 
quainted with the action and effect of physical causes, in 
order to recognise, explain, and describe correctly the phe- 
nomena when they present themselves. 

The best known of the great volcanic regions, of which the 
boundaries ivere sketched in Chapter xxii., is that which 
includes Southern Europe, Northern Africa, and Central Asia ; 
yet nearly the whole, even of this region, must be laid down, 
in a geological map, as ‘ Terra Incognita,’ for we are only 
beginning to know something of one small portion of it, viz. 
the district round Naples ; and even here it is to recent 
antiquarian and geological research, not to history, that we 
are principally indebted for the information. I shall now 
proceed to lay before the reader some of the results of 
moilern investigations in the Bay of Bairn and the adjoining 
coast. 

PROOFS OP ELEVATION AND SUBSIDENCE IN THE BAY OF BAI^. 

Temple of Jupiter Serapis , — This celebrated monument of 
antiquity, a representation of which is given in the frontis- 
piece * of this work (Vol. I.), affords in itself alone unequi- 
vocal evidence that the relative level of land and sea has 
changed twice at Puzzuoli since the beginning of the Christian 

♦ The view of the Temple given in illustrate a paper hy Mr. Babbage on 
the frontispiece, Vol. L, has been re- the Temple of Serapis, read March, 
duced from part of a beautiful coloured 1834, and published in the Quart. Journ. 
drawing taken in 1886, with the aid of of the Geol. Soc. of London, vol. iii. 
the camera lucida, by Mr. FA neon, to 1847. 
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era; and each movement, both of elevation and enbeidenoe, 
haa exceeded 20 feet. Before entering on tiieae proofs, I 
may observe, that a geological examination of the coast of 
the Bay of Baise, both on the north and south of Puzznoli, 

Fig. 129. 



Mole. 


Ground plan of the coa«t of the Bay of Baia*, in the entiront* of Puziuoli. 

establishes in the most satisfactory manner an deration, at 
no remote period, of more than 20 feet, and, at one point, of 
more than 30 feet ; and the evidence of this change would 
have been complete, even if the temple had, to this day, 
remained undiscovered. 

Coast south of Puzzuoli , — If we coast along the shore from 
Naples to Puzznoli, we find on approaching the latter place 
that the Icrfty and precipitous cliffs of indurated tuff, re- 
sembling that of which Naples is built, retire slightly from 
the sea ; and that a low level tract of fertile land, of a very 
different aspect, intervenes between the present sea- beach 
and what was evidently the ancient line of coast. 

A portion of the inland cliff may be seen opposite the small 
island of Nisida, about 2^ miles south-east of Puzzuoli (see 
Map, fig. 66, VoL I. p. 600), where, at the height of 32 feet 
above the level of the sea, Mr. Babbag^ observed an ancient 
mark, such as might have been worn by the waves ; and, upon 
further examination, discovered that, along that line, the 
face of the perpendicular rock, consisting of very hard tuff, 
was covered with barnacles {Balanus sulcatus, Lamk.), and 
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diilted by boring testae^ Some of the hollows of the 
lithodomi contained the shells ; while others were filled with 

the valves of a species of Area,* 
Nearer to Puzzuoli, the inland cliff 
is 80 feet high, and as perpen- 
dicular as if it were still under- 
mined by the waves. At its base, 
a new deposit, constituting the 
fertile tract above alluded to, at- 
tains a height of about 20 feet 
above the sea; and since it is 
composed of regular sedimentary 
deposits, containing marine shells, 
its position proves that, subse- 
quently to its formation, there has been a change of more 
than 20 feet in the relative level of land and sea. 

The sea encroaches on these new incoherent strata ; and 
as the soil is valuable, a wall has been built for its protec- 
tion; but when I first visited the spot in 1828, the waves 
had swept away part of this rampart, and exposed to view 
a regular series of strata of tuff, more or less argillaceous, 
alternating with beds of pumice and lapilli, and containing 
great abundance of marine sheila, of species now common 
on this coast, and amongst them Cardium rusticum^ Ostrea 
edtUin, and Donaor tru7iciduH^ Lamk. The strata vary from 
about a foot to a foot and a half in thickness, and one of them 
contains abundant remains of works of art, tiles, squares 
of mosaic pavement of different colours, and small sculptured 
ornaments, perfectly uninjured. Intermixed with these I 
collected some teeth of the pig and ox. These fragments of 
building occur below as well as above strata containing marine 
shells. Puzzuoli itself stands chiefly on a promontory of the 
older tufaceous formation, although I detected a small patch 
of the newer deposit remaining in a garden under the 
town. 

From the town the ruins of a mole, called Caligula’s 

♦ Mr. Babbage examined this spot in rous specimens of the ehells collected 
company with Sir Edmund Head in there, and in the Temple of Serapie. 
June 1828, and has shovm me nume- 
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а, Autlqnltlf# on hill H.E. of PuzfuoH 

irroririd plan, Ak* 

б. Anciimt cliff, now inland. 

r. TeiTHce ooinpoH<*d of rocent «ub- 
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Bridge, nm<mt into the sea. (See No. S, Frontispieee.)* This 
mole, which is believed to be righteen centuries old, consists 
of a number of piers and arches, thirteen of which were 
standing in 1828, and two others appeared to have been over- 
thrown. Mr. Babbage fonnd, on the sixth pier, perforations 
of lithodomi four feet above the level of the sea ; and, near 
the termination of the mole on the last pier but one, marks 
of the same, ten feet above the level of the sea, together with 
great numbers of balani and flustra. The depth of the sea, 
at a very small distance from most of the piers, is from 80 
to 50 feet. 

Coati north of Puzzuoli . — If we then pass to the north of 
Puzzuoli, and examine the coast between that town and 
Monte Nnovo, we find a re- Fig. j 3 i, 

petition of analogous phe- 
nomena. The sloping sides of 
Monte Barbaro slant down 
within a short distance of the 
coast, and terminate in an 
inland cliff of moderate ele- 
vation, to which the geolo- 
ffist perceives at once that Ancient ciiir now iniawi. 

^ Terrace (called La Starsa) ootnpoaed of recent 

the sea must, at some for- enbmarine depoaite. 
mer period, have extended. Temple of 8er«pi«. 

Between this cliff and the sea is the low plain or terrace, 
before alluded to, called La Starza (c, fig. 131), corresponding 
to that before described on the south-east of the town ; and 
as the sea encroaches rapidly, fresh sections of the strata may 
readily be obtained, of which the annexed is an example. 

Section on the shore north of the town of Puzzuolu 


Ft In. 

1. Vegetable soil 10 

2. Horisontal beds of pumice and scorise, with broken fragments of 

unrolled bricks, bones of animals, and marine shells . . .10 


3. Beds of lapilli, containing abundance of marine shells, principally 
Cardium rttsfumm^ Donax trtmcvluB^ Lam., Otirea edulis, TrUon 
cutaeeum^ Lam., Buccwum serratwn, Brocchi, the beds varying 
in thickness from one to eighteen inches . . * 10 0 

i. Argillaceous tuS, containing bricks and fragments of buildings not 

rounded by attrition I ® 

* This view is taken from Sir W. f This spot here indicated <m the 
Hamilton^ Gampi Fhlegraei, plate 26. summit of the cliff is that ftom whi<ih 
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Tbe Ibicknew of many of these beds varies greatly as we 
trace them along the shcnre, and sometimes the whole group 
rises to a greater height than at the point above described. 
The surface of the tract which they compose appears to slope 
gently upwards towards the base of the old cliffs. 

Now, if such appearances presented themselves on the coast 
of England, a geologist might endeavour to seek an explana- 
tion in some local change in the set of the tides and currents : 
but there are scarcely any tides in the Mediterranean ; and, 
to suppose the sea to have sunk generally from twenty to 
twenty-five feet since the shores of Campania were covered 
with sumptuous buildings, is an hypothesis obviously un- 
tenable. The observations, indeed, made during modem 
surveys on the moles and cothons (docks) constructed by the 
^ancients in various ports of the Mediterranean, have proved 
that there has been no sensible variation of level in that sea 
during the last two thousand years.* 

Thus we arrive, without the aid of the celebrated temple, at 
the conclusion, that the recent marine deposit at Puzzuoli 
was upraised in modern times above the level of the sea, and 
that not only this change of position, but the accumulation 
of the modem strata, was posterior to the destruction of 
many edifices, of which they contain the embedded relics. 
If we next examine the evidence afforded by the temple 
itself, it appears, from the most authentic accounts, that the 
three pillars now standing erect continued, down to the 
middle of the last century, almost buried in the new marine 
strata (c, fig. 131). The upper part of each, protrading 
several feet above the surface, was concealed by bushes, and 
had not attracted, until the year 1749, the notice of anti- 
quaries; but, when the soil was removed in 1750, they were 
seen to form part of the remains of a splendid edifice, the 
pavement of which was still preserved, and upon it lay a 
number of columns of African breccia and of granite. The 
original plan of the building could be traced distinctly: 
it was of a quadrangular form, 70 feet m diameter, and 

Hamilton’s view, plate 26 , Campi Phle- called the Academia, anciently stood, 
gwei (reduced in Plate VII.)» is taken, * On the authority of the late Ad- 
|nd on which, he says, Cicero’s villa, miral Smyth, E.K. 
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the xoof had been sappoxted by 46 noble oolnmni, 24 of 
granite, and the rest of marble. The large court was sur- 
rounded by apartments, supposed to have been used as bath- 
ing-rooms ; for a thermal spring, still used for medicinal 
purposes, issues just behind the building, and the water of 
this spring appears to have been originally conveyed by a 
marble duct, still extant, into the chambers, and then across 
the pavement by a groove an inch or two deep, to a conduit 
made of Roman brickwork, by which it gained the sea. 

Many antiquaries have entered into elaborate discussions 
as to the deity to which this edifice was consecrated. It is 
admitted that, among other images found in excavating the 
ruins, there was one of the god Serapis ; and at Puzzuoli u 
marble column was dug up, on which was carved an ancient 
inscription, of the date 648 after the building of Rome (or B.c.* 
105), entitled ‘ Lex parieti faciundo.’ This inscription, written 
in very obscure Latin, sets forth a contract, between the 
municipality of the town, and a company of builders who 
undertook to keep in repair certain public edifices, the 
Temple of Serapis being mentioned amongst the rest, and 
described as being near or towards the sea, ‘ ad mare vorsum.’’ 
Sir Edmund Head, after studying, in 1828, the topography 
and antiquities of this district, and the Greek, Roman, and 
Italian writers on the subject, informed me, that at Alex- 
andria, on the Nile, the chief seat of the worship of Serapis, 
there was a Serapeum of the same form as this temple at 
Puzzuoli, and surrounded in like manner by chambers, in 
which the devotees were accustomed to pass the night, in 
the hope of receiving during sleep a revelation from the god, 
as to the nature and cure of their diseases. Hence it was 
very natural that the priests of Serapis, a pantheistic divinity, 
who, among other usurpations, had appropriated to himself 
the attributes of Esculapius, should regard the hot spring as 
a suitable appendage to the temple, although the original 
Serapeum of Alexandria could boast no sudh medicinal waters. 
Sigpior Carelli • and others, in objecting to these views, have 
insisted on the fact, that the worship of Serapis, which we 


* Bisaertazione sulla Sagra Aichitettnra degli Antidii. 
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knoir prevailed at Borne in the days of Catalina (in tlie first 
century before Christ), was prohibited by the Eoman Senate, 
daring the reign of the Emperor Tiberias. But there is little 
doubt that, during the reigns of that Emperor’s successors, 
the shrines of the Egyptian god were again thronged by 
zealous votaries ; and in no place more so tlian at Puteoli 
(now Puzzuoli), one of the principal marts for the produce of 
Alexandria. 

Without entering farther into an enquiry which is not 
strictly geological, I shall designate this valuable relic of 
antiquity by its generally received name, and proceed to 
consider the memorials of physical changes inscribed on the 
three standing columns in most legible characters by the 
hand of Nature. (See Frontispiece, Vol. I.) These pillars, 
'which have been carved each out of a single block of marble, 
are 40 feet 3^ inches in height. A horizontal fissure nearly 
intersects one of the columns; the other two are entire. 
They are all slightly out of the perpendicular, inclining some- 
what to the south-west, that is, towards the sea.* Their 
surface is smooth and uninjured to the height of about twelve 
feet above their pedestals. Above this is a zone, about nine 
feet in height, where the marble has been pierced by a species 
of marine perforating bivalve — lAthodomm, Cuv.f The holes 
of these animals are pear-shaped, the external opening being 
minute, and gradually increasing downwards. At the bottom 
of the cavities, many shells are still found, notwithstanding 
the great numbers that have been taken out by visitors ; in 
many the valves of a species of area, an animal which con- 
ceals itself in small hollows, occur. The perforations are so 
considerable in depth and size, that they manifest a long-con- 
tinued abode of the lithodomi in the columns ; for, as the 
inhabitant grows older and increases in size, it bores a larger 
cavity, to correspond with the increased magnitude of its 
shelL We must, consequently, infer a long-continued im- 

* Thisappears from the meascirement formed out of a single stone was first 
of Captain Basil Hall, R.N., Proceed- pointed ont to me by Mr. James Hall, 
ings of Geol. Soo., Ko. 38, p. 114 ; see and is important, as helping to explain 
also Patchwork, by the same author, why they were not shaken down, 
rol. ill. p. 168 . The fiust of the three t Modioia lUkophaga, lAm, MytUus 
standing columns haring been each lUhaphayuSf Linn. 
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menion of the piQaxs in sea-water, at a lime when the lowest 
part was ooTered np and protected by marine, firesh-water, 
and Tolcanic strata^ afterwards to be described, and by the 
rubbish of buildings ; the highest part, at the same time, pro- 
jecting abore the waters, and being consequently weathered, 
but not materially injured. (See fig. 132, p. 172.) 

On the pavement of the temple lie some columns of marble, 
which are also perforated in certain parts ; one, for example, 
to the length of 8 feet, while, for the length of 4 feet, it is 
uninjured. Several of these broken columns are eaten into, 
not only on the exterior, but on the cross fracture, and, on 
some of them, other marine animals (serpuhe, &c.) have fixed 
themselves.* All the granite pillars are untouched by litho- 
domi. The platform of the temple, which is not perfectly 
even, was, when I visited it in 1828, about one foot below 
high-water mark (for there are small tides in the Bay of 
Naples) ; and the sea, which was only 100 feet distant, 
soaked through the intervening soil. The upper part of the 
perforations, therefore, was at least 23 feet above high- 
water mark ; and it is clear that the columns must have 
continued for a long time in an erect position, immersed in 
salt water, and then the submerged portion must have been 
upraised to the height of about 23 feet above the level of 
the sea. 

By excavations carried on in 1828, below the marble pave- 
ment on which the columns stand, another costly pavement 
of mosaic was found, at the depth of about 5 feet below the 
upper one (a, 6, fig. 132). The existence of these two pave- 
ments, at different levels, clearly implies some subsidence 
previous to the building of the more modem temple which 
had rendered it necessary to construct the new floor at a 
higher level. 

We have already seen (p. 169) that a temple of Serapis 
existed long before the Christian era. The change of level 
just mentioned must have taken place some time before the 
end of the second century, for inscriptions have been found 
in the temple, from which we learn that Septimius Severus 

* Serpula eantoriuplieaia^ Linn., and as well as the Liihodontms^ are now in* 
VermUia tri^tatra, Lam. These species, habitants of the n^ghbooring sea. 
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a4onied its ■ walls with precious marbles between the years 
194 and 211 of onr era, aaA the Emperor Alexander Sevems 
displayed the like mnnificenoe between the years 222 and 
285.* From that era there is an entire dearth of historical 
information for a period of more than twelve centuries, 
except the significant fact that Alaric and his Goths sacked 
Puzzuoli in 410, and that Genseric did the like in 445, a.d. 
Yet we have fortunately a series of natural archives self- 
registered during the dark ages, by which many events which 
occurred in and about the temple are revealed to us. These 
natural records consist partly of deposits, which envelop the 
pillars below the zone of lithodomous perforations, and partly 
of those which surround the outer walls of the temple. Mr. 
Babbage, after a minute examination of these, has shown 
(see p. 164, note) that incrustations on the walls of the 



Temple of Serapib at its period of greatest depression. 

a 6. Anclmit mosaic pavrment, e e, Prv«hw«ter calcareous tlcpoeits. 

r c. Park luarino Incnistntlon. / /. Second filling uj*. 

ii d. First filling up, shower of ashes. A. Stardium. 

exterior chambers and on the floor of the building demon- 
strate that the pavement did not sink down suddenly, but 
was depressed by a gradual movement. The sea first entered 
the court or atrium, and mingled its waters partially with 
those of the hot spring. From this brackish medium a dark 
calcareous precipitate (c c, fig. 182) was thrown down, which 
became, in the course of time, more than two feet thick, 
including some serpnlm in it. The presence of these annelids 
teaches us that the water was salt or brackish. After this 
period the temple was filled up with an irregular mass of 
volcanic tuff (d d, fig. 132), probably derived from an erup- 
tion of the neighbouring crater of the Solfatara, to the 
^ Brieslak, Voy. dans la Campanie, tom. ii. p. 167. 
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height cf from 5 to 9 feet above the pavement. Over this 
again a pnrelj freshwater deposit of carbonate of lime (e «, 
fig. 132) accnmulated with an uneven bottom, since it neoes> 
sarilj accommodated itself to the irregnlar outline of the 
upper surface of the volcanic shower before thrown down. 
Hie top of the same deposit (a freshwater limestone) was 
perfectly even and flat, bespeaking an ancient water level. 
It is suggested by Mr. Babbage that this freshwater lake 
may have been caused by the fall of ashes which choked up 
the channel previously communicating with the sea, so that 
the hot spring threw down calcareous matter in the atrium 
without any marine intermixture. To the freshwater lime- 
stone succeeded another irregular mass of volcanic ashes and 
rubbish (/ /, fig. 132), some of it perhaps washed in by the 
waves of the sea during a storm, its surface rising to 10 or 
11 feet above the pavement. And thus we arrive at the 
period of greatest depression expressed in the accompanying 
diagram, when the lower half of the pillars was enveloped 
in the deposits above enumerated, and the uppermost 20 feet 
were exposed in the atmosphere, the remaining or middle 
portion, about 9 feet long, being for years immersed in salt 
water and drilled by perforating bivalves. After this period 
other strata, consisting of showers of volcanic ashes and 
materials washed in during storms, covered up the pillars to 
the height in some places of 35 feet above the pavement. 
The exact time when these enveloping masses were heaped 
up, and how much of them was formed during submergence, 
and how much after the re-elevation of the temple, cannot 
be made out with certainty. 

The period of deep submergence was certainly antecedent 
to the close of the 15th century. Professor James Forbes* 
has reminded us of a passage in an old Italian writer, 
Loffredo, who says that in 1530, or 50 years before he wrote, 
which was in 1580, the sea washed the base of the hills 
which rise from the flat land called La Starza, as represented 
in fig. 132; so that, to quote his words, ‘a person might 
then have fished from the site of those ruins which are now 
called the stadium ’ (A, fig. 132). 

• Ed. Journ. of Science, New Seriee, No. II. p. 281. 
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Bat we know from other eridenoe that the upward more- 
meat had begun before 1530, for the Canonico Andrea di Joiio 
cites two authentic documents in IllustratioD of this point. 
The first, dated Oct. 1503, is a deed written in Italian, bj 
which Ferdinand and Isabella grant to the Unirersitj of 
Fuzzuoli a portion of land, ‘where the sea is drying up’ 
(che va seccando el mare) ; the second, a document in Latin, 
dated May 28, 1511, or nearly 8 years after, by which 
Ferdinand grants to the city a certain territory around 
Fuzzuoli, where the ground dried up (desiccatum).* 

The principal elevation, however, of the low tract un- 
questionably took place at the time of the great eruption of 
Monte Nuovo in 1638. That event and the earthquakes 
which preceded it have been already described (Vol. I. 
p. 610) ; and we have seen that two of the eye-witnesses of 
the convulsion, Falconi and Giacomo di Toledo, agree in 
declaring that the sea abandoned a considerable tract "of the 
shore, so that fish were taken by the inhabitants ; and, 
among other things, Falconi mentions that he saw two springs 
in the newly discovered ruins. 

The flat land, when first upraised, must have been more 
extensive than now, for the sea encroaches somewhat rapidly 
both to the north and south-east of Fuzzuoli. The coast 
had, when I examined it in 1828, given way more than a 
foot in a twelvemonth ; and I was assured, by fishermen in 
the bay, that it has lost ground near Fuzzuoli, to the extent 
of 30 feet, within their memory. 

It is, moreover, very probable that the land rose to a 
greater height at first, before it ceased to move upwards, than 
the level at which it was observed to stand when the temple 
was re-discovered in 1749, for we learn from a memoir of 
Niccoliui, published in 1838, that since the beginning of the 
19th century, the temple of Serapis has subsided more than 
2 feet. That learned architect visited the ruins frequently, 
for the sake of making drawings, in the beginning of the 
year 1807, and was in the habit of remaining there through- 
out the day, yet never saw the pavement overflowed by the 


^ Sul Tempio di Serap. ch. viii. 
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sea, except oocasionallj when the sooth wind Uew violenUy. 
On his retojm, 16 years after, to superintend some exoa* 
rations ordered by the King of Naples, he found the 
pavement covered by sea-water, twice every day at high tide, 
so that he was obliged to place there a line of stones to stand 
upon. This induced him to make a series of observations 
from Oct. 1822 to July 1838, by which means he ascertained 
that the ground had been and was sinking, at the average 
rate of about 7 millimetres a year, or about 1 inch in 4 )’ear8 ; 
so that, in 1838, fish were caught every day on that part of 
the pavement where, in 1807, there was never a drop of 
water in calm weather.* 

Mr. Smith, of Jordan Hill, examined the temple in 1847, 
and came to the conclusion from a comparison of various data 
that the rate of subsidence at that period was one inch 
annually. t Signor Scacchi, in 1852, after an examination 
undertaken by him at my request, inferred that the down- 
ward movement had ceased for several years, or had at least 
become almost inappreciable. I myself made several obser- 
vations in 1857 and 1858, and came to the conclusion that 
there was a depth of about 2 feet of water on the pavement 
near the bronze ring on calm days at high tide when the 
Bay of Baiffi was not raised above its ordinary level by the 
wind. Although it would require a long series of measure- 
ments to obtain the exact average height of the tide in the 
bay, I cannot doubt that the relative level of the pavement 
and the sea has altered very sensibly since Niccolini first 
frequented the place. 

iVom what was said before (p. 167), we saw that the 
marine shells in the strata forming the plain called La 
Starza, considered separately, establish the fact of an up- 
heaval of the ground to the height of 23 feet and upwards. 
The temple proves much more, because it could not have 
been buUt originally under water, and must therefore first 
have sunk down 20 feet at least below the waves, to be 
afterwards restored to its original position. Yet if such was 
the order of events, we ought to meet with other independent 

* Tavola Metzica Cbzonologica, See. t Quart. Joum. Geol. Soc. voL iii. 
NapoU, 1838. P- 237. 
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signs of a lilce subsidence round the margin of a bay once so • 
stodded with buildings as the Bay of Bake. Accordingly 
memorialB of such submergence are not wanting. About a 
mile N.W. of the temple of Serapis, and about 500 feet 
fiom the shore, are the mins of a temple of Neptune and 
others of a temple of the Nymphs, now under water. The 
columns of the former edifice stand erect in five feet of water, 
tbieir upper portions just rising to the surface of the sea. 
The pedestals are doubtless buried in the sand or mud ; so 
that, if this part of the bottom of the bay should hereafter 
be elevated, the exhumation of these temples might take 
place after the manner of that of Serapis. Both these 
buildings probably participated in the movement which 
raised the Starza ; but either they were deeper under water 
than the temple of Serapis, or they were not raised up again 
to so great a height. There are also two Roman roads under 
water in the bay, one reaching from Puzzuoli to the Lucrine 
Lake, which may still be seen, and the other near the castle 
of Bake (No. 8, Frontispiece). The ancient mole, too, of 
Puzzuoli (No. 4, ibid.), before alluded to, has the water up to 
a considerable height of the arches ; whereas Brieslak justly 
observes, it is next to certain that the piers must formerly 
have reached the surface before the springing of the arches ;* 
so that, although the phenomena before described proves that 
this mole has been uplifted 10 feet above the level at which 
it once stood, it is still evident that it has not yet been 
restored to its original position. 

A modem writer also reminds us, that these effects are not 
so local as some would have us to believe ; for on the opposite 
side of the Bay of Naples, on the Sorrentine coast, which, 
as well as Puzzuoli, is subject to earthquakes, a road with 
fragments of Roman buildings, is covered to some depth by 
the sea. In the island of Capri, also, which is situated some 
way out at sea, in the opening of the Bay of Naples, one of 
the palaces of Tiberius is now covered with water.f 

* Voy. dans la Campanie, tome ii. 1829. When I visited Puzzuoli, and 
p. 162. arrived at the above conclusions, I knew 

t Mr. Forbes, Phyacal Notices of the nothing of Mr. Forbes’s observations. 
Bay of Naples. IM. Jonm. of Sci., which I first saw on my return to Eng- 
No. n.. New Series, p. 280 , October land the year following. 
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That bnildiiigs shcmld have been submerged, and afterwards 
upheaved, without being entirety reduced to a heap of ruins, 
will appear no anomaly, when we recollect that, in the year 
1819, when the delta of the Indus sank down, the houses 
within the fort of Sindree subsided beneath the waves 
without being overthrown (p. 102). In like manner, in the 
year 1692, the buildings around the harbour of Port Boyal, 
in Jamaica, descended suddenly to the depth of between 30 
and 50 feet under the sea without falling (p. 160). Even on 
small portions of land transported to a distance of a mile 
down a declivity, tenements, like those near Mileto, in 
Calabria, were carried entire. At Valparaiso buildings were 
left standing in 1822, when their foundations, together with 
a long tract of the Chilian coast, were permanently upraised 
to the height of several feet (p. 94). It is still more easy to 
conceive that an edifice may escape falling during the up- 
heaval or subsidence of land, if the walls are supported on 
the exterior and interior with a deposit like that which 
surrounded and filled to the height of 10 or 11 feet the 
temple of Sei'apis all the time it was sinking, and which 
enveloped it to more than twice that height when it was 
rising again to its original level. 

We can scarcely avoid the conclusion, as Mr. Babbage has 
hinted, ‘ that the action of heat is in some way or other the 
cause of the phenomenon of the change of level of the temple- 
Its own hot spring, its immediate contiguity to the Solfatara, 
its nearness to the Monte Nuovo, the hot spring at the baths 
of Nero (No. 6, Frontispiece), on the opposite side of the 
Bay of Baise ; the boiling springs and ancient volcanos of 
Ischia on one side and Vesuvius on the other, are the most 
l>rominent of a multitude of facts which point to that conclu- 
sion.’ * And when we reflect on the dates of the princi 2 )al 
oscillations of level, and the volcanic history of the country 
before described (Chapter xiiv.), we seem Jto discover a con- 
nection between each era of upheaval and a local develope 
ment of volcanic heat, and again between each era of depres- 
sion and the local quiescence or dormant condition of the 
subterranean igneous causes. Thus, for example, before 
* Quart. Joum. Geol. Soc. 1S47, toL iii. p. 203. 
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tiie Christian era, when so many rents were in frequent 
eruption in Ischia, and when Aremns and other points in 
the Fhlegreean Fields were celebrated for their roloanio 
aspect and character, the ground on .which the temple stood 
was several feet above water. Vesuvius was then regarded 
as a spent volcano ; but when, after the Christian era, the 
fires of that mountain were rekindled, scarcely a single 
outburst was ever witnessed in Ischia, or around the Bay of 
Baife. Then the temple was sinking. Vesuvius, at a sub- 
sequent period, became nearly dormant for five centuries 
preceding the great outbreak of 1631 (see Vol. I. p. 619), 
and in that interval the Solfatara was in eruption a.d. 1198, 
Ischia in 1802, and Monte Nuovo was formed in 1538. Then 
the foundations on which the temple stood were rising again. 
Lastly, Vesuvius once more became a most active vent, and 
has been so ever since, and during the same lapse of time the 
area of the temple, so far as we know anything of its history, 
has been subsiding. 

These phenomena would agree well with the hypothesis, 
that when the subterranean heat is on the increase, and when 
lava is forming without obtaining an easy vent, like that 
afforded by a great habitual chimney such as Vesuvius, the 
incumbent surface is uplifted ; but when the heated rocks 
below are cooling and contracting, and sheets of subterranean 
lava are slowly consolidating and diminishing in volume, 
then the incumbent land subsides. 

Signor Nicolini, when he ascertained in 1838 that the 
relative levels of the floor of the temple and of the sea were 
slowly changing from year to year, embraced the opinion 
that it was the sea which was rising. But Signor Capocci 
successfully controverted this view, appealing to many ap- 
pearances which attest the local character of the movements 
of the adjoining country, besides the historical fact that in 
1588, when the sea retired permanently 200 yards from the 
ancient shore at Puzzuoli, there was no simultaneous retreat 
of the waters from Naples, Castelamare, and Ischia.* 

Permanmce of the oceatCe level . — In concluding this subject, 
I may observe, that the interminable controversies to which 

* Nuore BicMcbe s«l Temp, di Serap. 
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ike phenomena of the Baj of Bairn gave rise, have sprang 
from an extreme reluctance to admit that the land, rather 
than the sea, is subject alternatelj to rise and fall. Had it 
been assumed, as most probable, that the level of the ocean 
was invariable, on the ground that no fluctuations have as 
yet been clearly established, and that, on the other hand, the 
continents are inconstant in their level, as has been de- 
monstrated by the most unequivocal proofs again and again, 
from the time of Strabo to our own times, the appearances 
of the temple at Puzzuoli could never have been regarded 
as enigmatical. Even if contemporary accounts had not 
distinctly attested the upraising of the coast, this explanation 
should have been proposed in the first instance as the most 
natural, instead of being now adopted unwillingly when all 
others have failed. 

To the strong prejudices still existing in regard to the 
mobility of the land, we may attribute the rarity of such 
discoveries as have been recently brought to light in New 
Zealand, the Bay of Baise, and the Bay of Conception. A 
false theory, it is well known, may render us blind to facts 
which are opposed to our prepossessions, or may conceal 
from us their true import when we behold them. But it is 
time that the geologist should, in some degree, overcome 
those first and natural impressions which induced the poets 
of old to select the rock as the emblem of firmness — the sea 
as the image of inconstancy. Our modern poet, in a more 
philosophical spirit, saw in the sea ‘ the image of eternity,* 
and has finely contrasted the fleeting existence of the suc- 
cessive empires which have flourished and fallen on the 
borders of the ocean with its own unchanged stability. 

. Their decay 

Has dried up realms to deserts : — not so thou, 

Unchangeable, save to thy wild waves’ play: 

Time writes no wrinkle on thine azure brow ; 

Such as creation’s dawn beheld, thou rolftst now. 

CuLLDE Harouo, Canto iv. 
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CHAPTER XXXI. 

EliHVATlON AND SUBSIDENCE OP LAND WITHOUT EAETHQUAKE8. 

CHAN'HKW in tmk kki^ativk lkvkl of land and ska in kkoions not 
TOIjCANIC — opinion of CKI-SICS that the WATKU8 OF THK BALTIC SEA AND 

KOHTHEItN OCEAN WKRB HINKINO OWKCTIONS RAISED TO HIS OPINION — 

PROOFS OF THK STABILITV OF THE SKA LEVEL IN THE HALTIC PLAYFAIK’s 

HYPOTHEHIS THAT THK LAND WAS RISING IN SWEDEN — OPINION OF VON BUCK 
- MARKS COT ON THK HoCKS — HFltVKY OF THESE IN 1820 — SIGNS OF OSCIl.LA- 
TIONS IN LEVEL — FISHINO HTT THTRIED CNDER MARINE STRATA — FACILITY OF 
APPRECIATING SLIGHT ALTERATIONS OF LEVEL ON THE INNER AND OUTER COAST 
OF SWEDEN — SUPPOSED AlOVKMKNT IN OPPOSITK DIRECTIONS IN PROCEEDING 
FROM THE NORTH CAPE SOUTHW’ARDS Tt» SCANIA — CHANGE OF I.EVKL ON THE 
W^KST COAST NKAR GOTHKNHCRO — GEOLOGICAL PROOFS OF THE GRKAT OSCILLA- 
TION (»F LEVEL SINCE THE Gl^ClAl, PERIOD AT UDDEVALLA — UPRAISED MARINE 
DEPt).SlTS OF THE WESTERN COAST OF SW’KDBN CONTAINING SHELLS OF THE 
OCEAN, THOSE ON THK EASTKUN COAST SHELLS OF THE BALTIC — W’HKTHEU 
NORWAY IS NOW RISING — MODERN SUBSIDENCE OF PART OF GREENLAND — 
PROOF* AFFORDED BY THESE MOVEMENTS OF GREAT SUBTERRANEAN CHANGES. 


We have now considered the phenomena of volcanos and 
earthquakes according to the division of the subject before 
proposed (Vol. I. p. 577), and have next to turn our attention to 
those slow and insensible changes in the relative level of land 
and sea which take place in countries remote from volcanos, 
and where no violent earthquakes have occurred within the 
period of human observation. Early in the last century the 
Swedish naturalist, Celsius, expressed his opinion that the 
waters, both of the Baltic and Northern Ocean, were gi'adually 
subsiding. From numerous observations, he inferred that the 
rate of depression was about 40 Swedish inches in a century.* 
In support of this position, he alleged that there were many 
rocks both on the shores of the Baltic and the ocean known 
to have been once sunken reefs, and dangerous to navigators, 

• The Swedish measure scarcely dif- into twelve inches, and being less than 
fers from ours; the foot being divided ours by three -eighths of an inch only. 
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but wMoh were in hie time abore water — that the waters of 
the Golf of Bothnia had been graduallj converted into land, 
several ancient ports having been changed into inland cities, 
small islands joined to the continent, and old fishing grounds 
deserted as being too shallow, or entirely dried up. Celsius 
also maintained, that the evidence of the change rested not 
only on modem observations, but on the authority of the 
ancient geographers, who had stated that Scandinavia was 
formerly an island. This island, he argned, must in the 
course of centuries, by the gradual retreat of the sea, have 
become connected with the continent ; an event which he 
supposed to have happened after the time of Pliny, and 
before the ninth century of our era. 

To this argument it was objected that the ancients were 
so ignorant of the geography of the most northern parts of 
Europe, that their authority was entitled to no weight ; and 
that their representation of Scandinavia as an island, might 
with more propriety be adduced to prove the scantiness of 
their information, than to confirm so bold an hypothesis. It 
was also remarked, that if the land which connected Scandi- 
navia with the main continent was laid drj' between the time 
of Pliny and the ninth century, to the extent to which it is 
known to have stood above the sea at the latter period, the 
rate of depression of the sea could not have been uniform, as 
was pretended ; for it ought to have fallen to a much greater 
extent in the longer interval between the 9th and 18th cen- 
turies, if the rate of movement had been the same. 

Many of the proofs relied on by Celsius and his followers 
were immediately controverted by several philosophers, who 
saw clearly that a fall of the sea in any one region could not 
take place without a general sinking of the waters over the 
whole globe ; they denied that this was the fact, or that the 
depression was universal, even in the Baltic. In proof of the 
stability of the level of that sea, they appealed to the position 
of the island of Saltholm, not far from Copenhagen. This 
island is so low, that in autumn and winter it is perma- 
nently overflowed ; and it is only dry in summer, when it 
serves for pasturing cattle. It appears, from the documents 
of the year 1280, that Saltholm was then also in the same 
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state, and ezactl j on a level with the mean height of the sea, 
instead of having been about 20 feet underwater, as it ought 
to have been, according to the computation of Celsius. Several 
towns, also, on the shores of the Baltic, at Lubeck, Wismar, 
Bostock, Stralsund, and others, after 600 and even 800 years, 
are as little elevated above the sea as at the era of their 
foundation, being now close to the water’s edge. The lowest 
part of Dantzic was no higher than the mean level of the 
sea in the year 1000 ; and after 8 centuries its relative posi- 
tion remains exactly the same.* 

Several of the examples of the gain of land and shallowing 
of the sea pointed out by Celsius, and afterwards by Linneeus, 
who embraced the same opinions, were ascribed by others to 
the deposition of sediment at points where rivers entered ; 
and, undoubtedly, Celsius had not sufficiently distinguished 
between changes due to these causes and such as would arise 
if the waters of the ocean itself were diminishing. Many 
large rivers descending from a mountainous country, at the 
head of the Gulf of Bothnia, enter the sea charged with sand, 
mud, and pebbles ; and it was said that in these places the 
low land had advanced rapidly, especially near Torneo. At 
Piteo also, \ a mile had been gained in 45 years ; at Luleo,t 
no less than 1 mile in 28 years ; facts which might all be 
admitted consistently with the assumption that the level of 
the Baltic has remained unchanged, like that of the Adriatic, 
during a period when the plains of the Po and the Adige 
have greatly extended their area. 

It was also alleged that certain insular rocks, once entirely 
covered with water, had at length protruded themselves above 
the waves, and grown, in the course of a century and a half, 
to be 8 feet high. The following attempt was made to ex- 
plain away this phenomenon In the Baltic, large erratic 
blocks, as well as sand and smaller stones which lie on shoals, 
are liable every year to be frozen into the ice, where the sea 
freezes to the depth of 5 or 6 feet. On the melting of the 
snow in spring, when the sea rises about ^ a fathom, numerous 
* For a full account of the CeUian t Piteo and Luleo are spelt, in many 
controversy, we may refer our readers English maps, Pitea and Lulea, but the 
to Von Hofi^ Oeschichte, &c., voL i. a is not sounded in the Swedish diph» 
p. 439. thong &. 
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ice islands float away, bearing np these rooky fin^fxnents so 
as to eonvey them to a distance ; and if they are driven by 
the waves upon shoals, they may convert them into island 
by depositing the blocks ; if stranded upon low islands, they 
may considerably augment their height. 

Browallins, also, and some other Swedish naturalists, 
affirmed that some islands were lower than formerly ; and 
that, by reference to this kind of evidence, there was equally 
good reason for contending that the level of the Baltic was 
gradually rising. They also added another curious proof of 
the permanency of the water level, at some points at least, 
for many centuries. On the Finland coast were some large 
pines and oaks, growing close to the water’s edge; these 
were cut down, and, by coiinting the concentric rings of 
annual growth, as seen in a transverse section of the trunk, 
it was demonstrated that some of them had stood there 
for nearly 400 years. Now, according to the Celsian hypo- 
thesis, the sea had sunk about 15 feet during that period, in 
which case the germination and early growth of these trees 
must have been, for many seasons, below the level of the 
water. In like manner, it was asserted that the lower walls 
of many ancient castles, such as those of Sonderburg and 
Abo, reached then to the water’s edge, and must, therefore, 
according to the theory of Celsius, have been originally con- 
structed below the level of the sea. 

In reply to this last argument. Colonel Hallstrom, a 
Swedish engineer, well acquainted with the Finland coast, 
assured me, that the base of the walls of the castle of Abo is 
now ten feet above the water, so that there may have been a 
considerable rise of the land at that point since the building 
was erected. But the argument founded on the position of 
the trees is, as Professors Lov^n and Erdmann have lately 
remarked, unanswerable so far as it relates to a part at least 
of the Finnish coast. 

Playfair, in his ‘ Illustrations of the Huttonian Theory,* 
in 1802, admitted the sufficiency of the proofs adduced by 
Celsius, but attributed the change of level to the movement 
of the land, rather than to a diminution of the waters. He 
observed, ‘ that in order to depress or elevate the absolute 
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level of the sea, by a given quantify, in any one place, we 
must depress or elevate it by the same quantity over the 
whole surface of the eaith ; whereas no such necessity exists 
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with respect to the elevation or depression of the land.** 
The hypothesis of the rising of the land, he adds, * agrees 
well wi^ the Huttonian theory, which holds that onr conti- 
nents are subject to be acted upon by the expansive forces 
of the mineral regions ; that by these forces they have been 
actually raised up, and are sustained by them in their pre- 
sent situation.* f 

In the year 1807, Von Bach, after returning from a tour 
in Scandinavia, announced his conviction, * that the whole 
country, from Frederickshall in Norway to Abo in Finland, 
and perhaps as far as St. Petersburg, was slowly and in- 
sensibly rising.’ He also suggested ‘ that Sweden may 
rise more than Norway, and the northern more than the 
southern part.* | He was led to these conclusions principally 
by information obtained from the inhabitants and pilots 
respecting marks which had been set on the rocks, and 
partly by the occurrence of marine shells of recent species, 
which he had found at several points on the coast of Norway 
above the level of the sea. Yon Buch, therefore, has the 
merit of being the first geologist who, after a personal ex- 
amination of the evidence, declared in favour of the rise of 
land in Scandinavia. 

The attention excited by this subject in the early part of 
the last century, had induced many philosophers in Sweden 
to endeavour to determine, by accurate observations, whether 
the standard level of the Baltic was really subject to peri- 
odical variations ; and under their direction, lines or grooves, 
indicating the ordinary level of the water on a calm day, 
together with the date of the year, were chiselled out upon 
the rocks. In 1820-21, all the marks made before those 
years were examined by the oflicers of the pilotage establish- 
ment of Sweden ; and in their report to the JRoyal Academy 
of Stockholm they declared, that on comparing the level of 
the sea at the time of their observations yvith that indicated 
by the ancient marks, they found that the Baltic was lower 
relatively to the land in certain places, but the amoirnt of 
change during equal periods of time had not been everywhere 


* Sect. 899. 


t Sect. 398. 


I Traoel. of his Travels, p. 887. 
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the same. Daring their sarve;’, they cat new marks for 
the guidance of fatore observers, several of which I had 
an opportonity of examining fourteen years after (in the 
summer of 1834), and in that interval ihe land appeared to 
me to have risen at certain places north of Stockholm, as 
near Gefle, for example, about 4 inches, or at the rate of less 
than feet per century. But at Stockholm, I inferred from 
the position of certain aged oak-trees only 8 feet above the 
level of the Baltic, that the rise could not have been at a 
greater rate than 10 inches in a centuiy, and might be less.* 
J^ofessor Axel Erdmann in 1847 calculated that the rise could 
hardly have exceeded six inches at Stockholm, and in the 
same year he pointed out, in a paper read to the Royal 
Society of Sweden, the necessity of determining the mean 
level of the Baltic by a long series of observations in dif- 
ferent seasons of the year. Mr. Wolfstedt, a Swedish en- 
gineer, has shown that the northern part of the Bothnian 
Gulf, where several great rivers enter, is 16 feet higher than 
the southern part; but as this gulf is about 600 miles in 
length, it will be seen that the rate of fall per mile accord- 
ing to this measurement is exceedingly small, so that the 
height of the water at corresponding seasons may vary but 
slightly, except when it is influenced by the wind. When I 
gave the results of my Swedish tour in the fourth edition 
of this work, published in 1835, 1 expressed my belief that 
there were signs of the upheaval of the land in different 
places visited by mo, both on the coast of the Bothnian 
Gulf and on that of the ocean, i.e. the west coast of Sweden 
near Gothenburg. But I then stated that ‘ we have not only 
to learn whether the motion proceeds always at the same rate, 
but also whether it has been uniformly in one direction. The 
level of the land may oscillate; and for centuries there 
may be a depression, and afterwards a re-elevation, of the 
same district. Some phenomena in the neighbourhood of 
Stockholm appear to me only explicable on the supposi- 
tion of the alternate rising and sinking of the ground 
since the country was inhabited by man. In digging a 

* See a paper on ‘Bise of Land in 183$, part i. p. 13 — read in Kovnnber 
Sweden,’ by the authw. Phil. Trans. 1831. 
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canal, in 1819, at Sodertelje, about sixteen miles to the 
south of Stockholm, to unite Lake Maeler with the Baltic, 
marine strata, containing fossil shells of Baltic species, were 
passed through* At a depth of about 60 feet, they came 
down upon what seems to have been a buried fishing-hut, 
constructed of wood in a state of decomposition, which soon 
crumbled away on exposure to the air. The lowest part, 
however, which had stood on a level with the sea, was in a 
more perfect state of preservation. On the floor of this hut 
was a rude fireplace, consisting of a ring of stones, and 
within these were cinders and charred wood. On the out- 
side lay boughs of the fir, cut as with an axe, with the 
leaves or needles still attached. It seems impossible to 
explain the position of this buried hut, without imagining, 
first, a subsidence to the depth of more than 60 feet, then a 
re-elevation. During the period of submergence, the hut 
must have become covered over with gravel and shelly marl, 
under which not only the hut, but several vessels also were 
found, of a very antique form, and having their timbers 
fastened together by wooden pegs instead of nails.’ ^ 

The investigations of MM. Lov6n, Erdmann, Norden- 
skiold, and others, made since my visit to Sweden in 1834, 
have on the whole tended to confirm the idea previously 
entertained, that some changes are now going on in the 
relative level of land and sea in certain parts of the Swedish 
coast, though they consider them to be probably local. 
With a view of accurately determining the reality of the 
movement, and its amount and direction, they have instituted 
a regular series of annual observations, which, however, 
have not yet been continued long enough to lead to positive 
results. 

Lord Selkirk in 1866 re-examined many of the marks 
which I had seen, both in the Gulf of Bothnia and on the 

• See my paper, before referred to, come filled up in time by sand drifted 
Phil. Trans. 1836, part i. pp. 8, 9. At- by the wind. The engineers who soper- 
tempts have been since made to explain intended the works in 1819, and with 
away the position of this hut, by con- whom I conversed, had considered every 
jecturing that a more ancient trench had hypothesis of the kind, but could not so 
been previously dug here, which had be- explain the facts. 
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Swedifli coast near Gothenbarg, in 1884. Among the former, 
the principal one, that of Lhfgmnd, near GMIe, seemed to in- 
dicate a fall of the water of abont 9 inches in 32 years, which 
would give a rise of the land of between 2 and 8 feet in a 
century, as I had suggested ; but other marks in the neighbour- 
hood implied a smaller change of level. A line which I myself 
cut on a rock in the island of Gulholmen, off Oreg^nd, on 
the west coast, was found to be only 3 inches higher above 
the sea-level than when I made it. On the whole, after a com- 
parison of this and various other marks, Lord Selkirk came to 
the conclusion, that, notwithstanding the absence of lunar 
tides both in the Baltic and on the west coast of Sweden 
near Gothenburg, there is so much fluctuation in the sea- 
level from day to day, owing to the action of the wind and 
other causes, that the observations of a casual visitor are 
of no real value in determining the average water-level.* 

After a review of all that has been said and published on 
this subject since the commencement of the present century, 
I am inclined to believe, with the pilots, fishermen, and 
engineers, that a slow alteration in the relative level of land 
and sea is taking place along certain parts of the Swedish 
coast. This notion is not merely entertained by the inha- 
bitants of those localities where rivers are carrying down 
sediment into the sea, but prevails equally in districts where 
the rocks for hundreds of miles plunge abruptly into deep 
water. It should be borne in mind, that, except near the 
Cattegat, there are no tides in the Baltic. It is only when 
particular winds have prevailed for several days in suc- 
cession, or at certain seasons when there has been an unusually 
abundant influx of river-water, or when these causes have 
combined, that this sea is made to rise 2 or 8 feet above its 
standard level. 

There are, moreover, peculiarities in the configuration of 
the shore which facilitate, in a remarkable degree, the appre- 
ciation of slight changes in the relative level of land and 
water. It has often been said, that there are two coasts, 

* Lord Selkirk ‘ On some Sen- water Level Marks on the Coast of Sweden.’ 
Quart. Geol. Joum. 1867, p. 187. 
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an inner and an outer one j the inner being the shore of tlie 
mainland ; the outer one, a fringe of countless rockj islands 
of all dimensions, called the skar (Bhair), Boats and small 
vessels make their coasting voyages within this skkr; for 
here they may sail in smooth water, even when the sea 
without is strongly agitated. But the navigation is very 
intricate, and the pilot must possess a perfect acquaintance 
with the breadth and depth of every narrow channel, and 
the position of innumerable sunken rocks. If on such a 
coast the land rises 1 or 2 feet in the course of half a 
century, the minute topography of the skiir is entirely altered. 
To a stranger, indeed, who revisits it after an interval of 
many years, its general aspect remains the same ; but the 
inhabitant finds that he can no longer penetrate with his 
boat through channels where he formerly passed, and he can 
tell of countless other changes in the height and breadth of 
isolated rocks, now exposed, but once only seen through the 
clear water. 

The rocks of gneiss, mica-schist, and quartz are usually 
very hard on this coast, slow to decompose, and, when pro- 
tected from the breakers, remain for ages unaltered in 
their form. Hence it is easy to mark the stages of their 
progressive emergence by the aid of natural and artificial 
marks imprinted on them. Besides the summits of fixed 
rocks, there are numerous erratic blocks of vast size strewed 
over the shoals and islands in the skar, which have been 
probably drifted by ice in the manner before suggested.* All 
these are observed to have increased in height and dimensions 
within the last half-century. Some, which were formerly 
known as dangerous sunken rocks, are now only hidden 
when the water is highest. On their first appearance, they 
usually present a smooth, bare, rounded protuberance, a few 
feet or yards in diameter ; and a single sea-gull often appro- 
priates to itself this resting-place, resorting there to devour 
its prey. Similar points, in the meantime, have grown into 
long reefs, and are constantly whitened by a multitude of 
sea-fowl; while others have been changed from a reet^ 
• See p. 182 ; and Cbap. XVI. Vol. I. 
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acmiMlly fabmei^ed,to a small islet, on wMch a few lichens, 
a firHieedling, and a few blades of grass, attest that the shoal 
hu at length been fairlj changed into dry land. Thousands 
of wooded islands around show the greater alterations which 
time can work. In the course of centuries, also, the spaces 
intervening between the existing islands may be laid dry, and 
become grassy plains, encircled by heights well clothed with 
lofty firs. This last step of the process, by which long fiords 
and narrow channels, once separating wooded islands, are 
deserted by the sea, has heen exemplified within the memory 
of living witnesses on several parts of the coast. 

It was admitted on all hands when I visited Sweden, in 
1834, that the supposed change in the relative level of sea 
and land was by no means going on at a uniform rate, or in 
a iiniform direction, at all points between the North Cape 
and Scania, or the southernmost part of Sweden, places 
distant from each other more than 1,000 miles. The 
rate of upheaval was said to be greatest at the North Cape, 
but no accurate scientific proof of this fact has yet been 
obtained. At Gefle, 90 miles north of Stockholm, the move- 
ment may possibly, as before stated, amount to 2 or 3 feet in 
a century, whereas at Stockholm it can hardly exceed 6 
inches. 16 miles to the south-west of Stockholm, at 
Sodertelje, the land seems to have been quite stationary 
during the last century. Proceeding still farther south, the 
upward movement seems to give place to one in an opposite 
direction. In proof of this fact, Professor Nilsson has 
remarked, in the first place, that there are no elevated beds 
of recent marine shells in Scania, like those farther to the 
north. Secondly, Linnoeus, with a view of ascertaining 
whether the waters of the Baltic were retiring from tlie 
Scanian shore, measured in 1749, the distance between the 
sea and a large stone near Trelleborg. This same stone 
was, in 1836, a hundred feet nearer the water’s edge than 
in Linnseus’s time, or 87 years before. Thirdly, there is 
also a submerged peat moss, consisting of land and fresh- 
water plants, beneath the sea at a point to which no peat 
could have been drifted down by any river. Fourthly, and 
what is still more conclusive, it is found that in seaport 
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towns, all along the <x>ast of Scania, there are streets below 
the high-water level of the Baltic, and in some cases below 
the level of the lowest tide. Thus, when the wind is high at 
Malmo, the water overflows one of the present streets, and 
some jeiurs ago some excavations showed an ancient street 
in the same place 8 feet lower, and it was then seen that 
there had been an artificial raising of the g^nnd, doubtless 
in consequence of that subsidence. There is also a street at 
Trelleborg, and another at Skanor, a few inches below high- 
water mark, and a street at Ystad is exactly on a level with 
the sea, at which it could not have been originally built. 

When we cross from the Gulf of Bothnia to the coast 
north of Gothenburg, we find that the opinion still prevails 
there, as it did in the days of Celsius, among the fishing and 
seafaring inhabitants, that there is a slow sinking of the sea 
going on ; so that rocks, both on the shore of the main- 
land and in the islands, are more and more exposed to view. 
If this conclusion be confirmed by future observation, the 
breadth of the tract from W.N.W. to E.S.E., which is rising, 
must exceed 200 geographical miles, without including the 
bed of the two seas adjacent to the coasts. 

Hitherto we have confined our attention almost exclusively 
to changes of level in historical times ; but we may next 
enquire what geological proofs exist of the sojourn of the 
sea on the land, at a very modern period, in those parts of 
Sweden where there is ground for suspecting that a move- 
ment of elevation is in progress. 

In this case, the evidence is most satisfactory. Near 
Uddevalla and the neighbouring coastland, we find upraised 
deposits of shells belonging to species such as now live in 
the ocean ; while on the opposite or eastern side of Sweden, 
near Stockholm, Gefle, and other places bordering the 
Bothnian Gulf, there are analogous beds containing shells of 
species characteristic of the Baltic, 

Von Buch announced in 1807, that he had discovered in 
Norway and at Uddevalla in Sweden, beds of shells of 
existing species, at considerable heights above the sea. 
Since that time, other naturalists have confirmed his ob- 
servation; and, according to Torell, deposits occur at 
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elevftiioiu of 600 and even 700 feet above the eea in some 
parts of Norway. M. Alex. Brongniart, when be visited 
TJddevalla, ascertained tliat one of the principal mass^ of 
shells, that of Capellbacken, is raised more than 200 feet 
above the sea, resting on rocks of gneiss, all the species bemg 
identical with those now inhabiting the contignons ocean. 
The same naturalist also stated, that on examining with care 
the surface of the gneiss, immediately above the ancient 
shelly deposit, he found baniacles (halani) adhering to the 
rocks, showing that the sea had remained there for a long 
time. I wjis fortunate enough to be able to verify this 
observation by finding in the summer of 1834, at Kured, 
about 2 miles north of TJddevalla, and at the height of more 
than 100 feet above the sea, a surface of gneiss newly laid 
open by the partial removal of a mass of shells used largely 
in the district for making lime and repairing the roads. So 
firmly did these barnacles adhere to the gneiss, that I was 
able to break off portions of the rock with the shells attached. 
The face of the gneiss was also encrusted with bryozoa ; but 
had these or the barnacles been exposed to the atmosphere 
ever since the elevation of the rocks above the sea, they 
would doubtless have been decomposed and obliterated. 

The town of TJddevalla (see IMap, p. 184) stands at the 
head of a narrow creek overhung by steep and barren rocks 
of gneiss, of which all the adjacent country is composed, 
except in the low grounds and bottoms of valleys, where 
strata of sand, clay, and marl frequently hide the funda- 
mental rocks. To these newer and horizontal deposits, some- 
times 40 feet thick, the fossil shells above mentioned belong, 
and similar marine remains are found at about the same 
height above the sea on the opposite island of Orust, as well 
as in that of Ijorn, and at points near the coast still farther 
south. 

Mr. J. Gwyn Jeffreys visited TJddevalla in 1862, and collected 
from the beds there 83 species of mollusca, characteristic of 
the Glacial period. He also obtained evidence that a littoral 
and shallow-water deposit underlaid the shells proper to 
deeper water ; a fact clearly implying a depression of the bed 
of the sea previous to that upheaval which has since carried 
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up the land where the maiizie shdls are ibpiid, to the height 
of more than 200 feet.^ As to the date of this last ophearalt 
Mr. Torell has shown that it by no means reaches back to the 
Glacial period, to which the shells above aUaded to belong. 
Those shells, so characteristic of a cold climate, are specific 
cally identical with mollnsca now living in the seas of Spits* 
bergen, 10 degrees of latitude north of TJddevalla. But in 
some recent deposits near Uddevalla, Mr. Torell detected, 
at the height of 200 feet above the sea, the remains of 
marine testacea, agreeing with species now proper to the 
fauna of the adjacent and more temperate seaf It appears, 
therefore, that the series of movements in the district under 
consideration consisted, first, of a depression converting the 
shallow water into deep sea at a timC when the cold was very 
severe, and then of an elevation of more than 200 feet when 
the waters of the sea had acquired their present milder 
temperature. 

To return now to the coast of the Baltic. I observed 
near the shores of the Gulf of Bothnia, at Sodertelje, 16 miles 
S.W. of Stockholm, strata of sand, clay, and marl, more than 
100 feet above the sea level, and containing shells of species 
now inhabiting the gulf. These consist partly of marine and 
partly of freshwater species ; but though the individuals are 
numerous, the species are few in number, the brackish water 
appearing to be very unfavourable to the development of a 
rich and varied fauna. The most abundant species are the 
common cockle, mussel, and periwinkle of our shores {Car- 
dium edule, Mytilus edulis^ and Littorina littorea)^ together 
with a small tellina (T. Baltica, L. : T, solidulaj Pult.), and a 
few minute univalves allied to Paludina ulva. which are still 
found living in that country associated with a Lymnea^ a 
Neritina {N, fluviatili8),SinA some other freshwater shells. 

But the marine moUusks of the Baltic above mentioned 
are dwarfish in size, scarcely ever attaining a third of the 
average dimensions which they acquire in the salter waters of 
the ocean. By this character alone a geologist would gene- 

* Gwyn Jeffi?ey*8 Beport to Brit to Molluacous Fauna of SpiUbtfrgea. 
As80c. 1868, p. 78. 1889. 

t Torell, Beitrige,8cc. Contributions 
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niBj be able to leeognue at onee an assemblage of BalUc 
fos^ as distmgaished from thoee derived from a deposit in 
tibe ocean. The absence also of oysters, barnacles, whelks, 
scallops, limpets {ogfrea, balamu, buccintm, pecten, paiella)^ 
and many other tbrms abounding alike in the sea near 
Uddevalla, and in the fossiliferons deposits of modem date 
on that coast, supplies an additional negative character of 
the greatest value, distinguishing assemblages of Baltic from 
those of oceanic shells. Now the strata containing Baltic 
shells are found in many localities near Stockholm, Upsala, and 
Gefle, and will probably be discovered everywhere around the 
borders of the Bothnian Gulf ; for I have seen similar remains 
brought from Finland, in marl resembling that found near 
Stockholm. The utmost distance to which these deposits 
had been traced inland in 1835 was to a place 70 miles from 
the sea, on the southern shores of Lake Maeler, but they 
have since been traced by Erdmann to Linde, at the head of 
a lake of that name, to a distance of 130 miles west of 
Stockholm, and to a height of about 230 feet above the sea. 
Hence it appears, from the distinct assemblage of fossil 
shells found on the eastern and western coasts of Sweden, 
that the Baltic has been for a long period separated as now 
from the ocean, although the intervening tract of land was 
once much naiTOwer, even after both seas had become in- 
habited by all the existing species of testacea. 

Whether any of the land in Norway is now rising, must 
be determined by future investigations. Marine fossil shells, 
of recent species, have been collected from inland places 
near Drontheim ; but Mr. Everest, in his ‘ Travels through 
Norway,’ informs us that the small island of Munkholm, 
which is an insulated rock in the harbour of Drontheim, 
affords conclusive evidence of the land having in that region 
remained stationary for the last 8 centuries. The area of 
this isle does not exceed that of a small village ; and by an 
official survey, its highest point has been determined to be 
23 feet above the mean high-water mark, that is, the mean 
between neap and spring tides. Now, a' monastery was 
founded there by Canute the Great, a.d. 1028, and 33 years 
before that time it was in use as a common place of execution. 
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iuxKxrdmg to &e sMuned aTerago rate of rise in Sweden 
(abont 40 indiies in a centurj), we shonld be obliged to 
gnppoee l^t this island bad b^n 8 feet 8 inches below high- 
water mark when it was originally chosen as the site of the 
monastery. 

Professor Eeilhan, of Christiania, after collecting the ob- 
servations of his predecessors respecting former changes of 
level in Norway, and combining them with his own, has 
made the fact of a general change of level at some unknown 
but, geologically speaking, modern period (that is to say, 
within the period of the actual testaceous fauna), very evi- 
dent. He infers that the whole country from Cape Lindes- 
nsBS to the North Cape, and beyond that as far as the fortress 
of VardhuuB, has been gradually upraised, and on the south- 
east coast the elevation has amounted to more than 600 feet. 
The marks which denote the ancient coast-lines are so 
nearly horizontal, that the deviation from horizontality, 
although the measurements have been made at a great 
number of points, is too small to be appreciated. 

More recently (1844), however, it appears from the re- 
searches of M. Bravais, member of the French Scientific 
Commission of the North, that in the Gulf of Alten in Fin- 
mark, the most northerly part of Norway lying to the 
north of Lapland, there are two distinct lines of upraised 
ancient sea-coast, one above the other, which are not pa- 
rallel, and both of them imply that within a distance of 50 
miles a considerable slope can be detected in such a direction 
as to show that the ancient shores have undergone a greater 
amount of upheaval in proportion as we advance inland.* 

The different heights at which horizontal raised beaches 
containing recent shells have been observed along the western 
and northern coasts of Norway, have been supposed to prove 
the suddenness of the upheaval of the land at successive 
periods ; but when truly interpreted, these appearances prove 
rather that the elevatory force has been intermittent in its 
action, and that there have been long pauses in the process 


* Qxuyrterly Jonrn. of Oeol.Soc. No. 4, rerified in 1849 by Mr. R. ChAmbor# in 

p. 534. H. Brav&U* obseznitioDA were his 'Tracings of N. of Europe/ p. 208. 
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of ttpheavaL Thej mark eraa ai whicli ike level of tiw 
lias remained stationary for a^ies, and during wMeh new 
rtrata were deposited near or on the shore in some places, 
while in others the waves and currents had time to hollow 
out rocks, undermine cliffs, and throw up long ranges of 
shingle. They undoubtedly show that the movement has 
not been always uniform or continuous, but they do not 
establish the fact of any sudden alterations of level. 

Subsidence of part of Greenland . — The rise of Scandinavia 
has naturally been regarded as a very singular and scarcely 
credible phenomenon, because no region on the globe has 
been more free within the times of authentic history from 
violent earthquakes. In common, indeed, with our own 
island, and with almost every spot on the globe, movements 
have been, at different periods, experienced, both in Norway 
and Sweden. But some of these, as for example during 
the Lisbon earthquake in J 755, may have been mere vibiu- 
tions or undulatory movements of the earth’s crust prolonged 
from a great distance. Others, however, have been suffi- 
ciently local to indicate a source of disturbance immediately 
under the country itself. Notwithstanding these shocks, 
Scandinavia has, upon the whole, been as tranquil in 
modern times, and as free from subterranean convulsions, 
as any region of equal extent on the globe. The same may 
be said of another large area in Greenland, which in modem 
times has been undergoing a slow and insensible movement, 
but in an opposite direction. Two Danish investigators. 
Dr. Pingel and Captain Graah, have brought to light 
abundant evidence of the sinking down of part of the west 
coast of Greenland, for a space of more than 600 miles from 
north to south. The observations of Captain Graah were 
made during a survey of Greenland in 1823-24, and after- 
wards in 1828-29; those by Dr. Pingel were made in 
1830-32. It appears from various signs and traditions, that 
the coast has been subsiding for the last 4 centuries from 
the firth called Igaliko, in lat. 60® 43' N., to Disco Bay, 
extending to nearly the 69th degree of north latitude. 
Ancient buildings on low rocky islands and on the shore of 
the mainland have been gradually submerged, and experience 
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haa tooglit tibe aboriginal Gieenlandier nsTer to build bia but 
near the wateria edge. In one place the Morarian lettleni 
baTe been obliged more than once to more inland the poles 
upon which their large boats were set, and the old poles 
still remain beneath the water as silent witnesses of the 
.change,* 

The fact of the gradual elevation and depression of land 
throughout vast areas of Europe and Arctic America, which 
we have considered in this chapter, partly in the historical 
period and partly in geological times immediately antecedent, 
leads us naturally to speculate on the wonderful changes 
which must be continually in progress in the subterranean 
foundations of these same countries. Whether we ascribe 
these changes to the expansion of solid matter exposed to 
hydrothermal action, or to tlie melting of rock, or the solidi- 
hcation of mineral masses, in whatever conjectures we indulge, 
we cannot doubt that at some unknown deptlis the structure 
of the crust of our globe is gradually undergoing very im- 
portant modifications. 

• See Proceedings of Ged. No. Pingel on the subject at Copenhagen 
42, p. 208. I also conversed with Dr. in 1834. 
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CHAPTER XXXn. 

CAUSES OF EARTHQUAKES AND VOLCANOS. 

INTIMATR COXJ^BCTIOK BKTWIBRK THR CAU8B8 OF FOLCANOS AXD EARTH- 
aUAEE« — fllTPFOSBD OBIOIJIAL STATE OF FU810W OF THE PLAXET — ITS SIMtJL- 

TAKKOUfl AICD UKITEESAL FLUrOITY WOT PBOTRD BT ITS SPHBttOlDAI- FIOITBB 

ATTEMPT TO CALCXJLATH THB THICKNESS OF THE 801.II> CRUST OF THR RABTH 
BY PRECESSIONAL MOTION — HEAT OF EARTHS CRUST INCRKASlNO WITH THE 
I>KPTH, BUT NOT BQUALI.T — NO INTERNAL TIDES OF 8UPP1>SIU) CENTRAL 
Fl-UID PHRCRPTIBLR — SUPPOSED CHANOK OF AXIS OF EARTU’s CRUST — PARTIAL 
FLUIDITY OF THR BARTh’s CRUST MOST CONSISTENT WITH VOLCANIC PHB- 
NOHBNA OF THB PAST AND PRB8HNT — ABANDONMHNT OF THB DATA BT WHICH 
THB EARLIER OBOLOOISTS SUPPORTED THEIR THEORY OF THB PBI8TINB 
Fl.UIDITY OF THB EARTH’s CRUST— DOCTRINE OF A CONTINUAL DIMINUTION 
OF TRRRESTRIAL AND SOLAR HKAT CONSIDERED. 


It will hardly be questioned, after the description before 
given of the phenomena of earthquakes and volcanos, that 
both of these agents have, to a certain extent, a common 
origin ; and I may now, therefore, proceed to enquire into 
their probable causes. But, first, it may be well to re- 
capitulate some of those points of relation and analogy which 
lead naturally to the conclusion that they spring from a 
common source. 

The regions convulsed by violent earthquakes include 
within them the sites of all the active volcanos. Earth- 
quakes, sometimes local, sometimes extending over vast 
areas, often precede volcanic eruptions. The subterranean 
movement and the eruption return again and again, at ir- 
regular intervals of time, and with unequal degrees of force, 
to the same spots. The action of either may continue for a 
few hours, or for several consecutive years. Paroxysmal 
convulsions are usually followed, in both cases, by long 
periods of tranquillity. Thermal and mineral springs are 
abundant in countries of earthquakes and active volcanos. 
Lastly, springs situated in districts considerably distant 
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fhnn Tolcanie vents have been obserred to have th^ 
temperature snddenly raised or lowered, and the volnme of 
their water inoreas^ or lessened, sabterranean move- 
ments. 

All these appearances ore evidently more or lees connected 
with the passage of heat from the interior of the earth to 
the surface; and where th^re are active volcanos, there 
must exist, at some unknown depth below, enormous masses 
of matter intensely heated, and, in many instances, in a 
constant state of fusion. We have first, then, to enquire, 
whence is this heat derived? 

Supposed central fluidity of the earth . — It has long been 
a favourite conjecture that the whole of our planet was 
originally in a state of igneous fusion, and that the central 
patts still retain a great portion of their primitive heat. 
Some have imagined, with the late Sir William Herschel, 
that the elementary matter of the earth may have been first 
in a gaseous state, resembling those nebulae which we behold 
in the heavens, and which are of dimensions so vast that 
some of them would fill the orbits of the remotest planets of 
our system. The increased power of the telescope has of 
late years resolved the greater number of these nebulous ap- 
pearances into clusters of stars ; but .so long as they were 
confidently supposed to consist of aeriform matter, it was a 
favourite conjecture that they might, if concentrated, form 
solid spheres ; and it was also imagined that the evolution 
of heat, attendant on condensation, might retain the ma- 
terials of the new globes in a state of igneous fusion. 

Without dwelling on such speculations, which can only 
have a distant bearing on geology, we may consider how far 
the spheroidal form of the earth affords sufficient ground 
for presuming that its primitive condition was one of universal 
fluidity. The discussion of this question would be superfluous, 
were the doctrine of original fluidity l^ss popular; for it 
may well be asked, why the globe should be supposed to 
have had a pristine shape different from the present one? — 
why the terrestrial materials, when first called into existence, 
or assembled together in one place, should not have been 
subject to rotation, so as to assume at once th^t form 
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wMc^ alone could retain tbeir aereral parta in a ctate of 
eqnilibritim 9 

Iiet os, however, concede that the statical figore maj be 
a modification of some other pre-existing form, and soppose 
the globe to have been at first a perfect and quiescent 
sphere, covered with a uniform ocean — what would happen 
when it was made to tom round on its axis with its present 
velocity? This problem has been considered by Playfair 
in his Illustrations ; and he has decided, that if the surface 
of the earth, as laid down in Hutton’s theory, has been 
repeatedly changed by the transportation of the detritus of 
the land to the bottom of the sea, the figure of the planet 
must in that case, whatever it may have been originally, be 
brought at length to coincide with the spheroid of equili- 
brium.* The late Sir John F. W. Herschel also, in reference 
to the same hypothesis, observes, ‘ A centrifugal force would 
in that case be generated, whose general tendency would be 
to urge the water at every point of the surface to recede from 
the axis. A rotation might indeed be conceived so swift as 
to flirt the whole ocean from the surface, like water from a 
mop. But this would require a far greater velocity than 
what we now speak of. In the case supposed, the weight of 
the water would still keep it on the earth ; and the tendency 
to recede from the axis could only be satisfied therefore by 
the water leaving the poles, and flowing towards the equator ; 
there heaping itself up in a ridge, and being retained in 
opposition to its weight or natural tendency towards the 
centre by. the pressure thus caused. This, however, could 
not take place without laying dry the polar regions, so that 
protuberant land would appear at the poles, and a zone of 
ocean be disposed around the equator. This would be the 
first or immediate effect. Let us now see what would after- 
wards happen if things were allowed to take their natural 
course.' 

* The sea is constantly beating on the land, grinding it 
dowu, and scattering its wom-off particles and fragments, 
in the state of sand and pebbles, over its bed. Gleological 
facts afford abundant proofs that the existing continents have 
* lUni^ of Hutt. Theory^ $ 435-448. 



Om, xzmi SPHEECaSil. TOBM OF f!HB SABTH. SOf 

aQ of thnn tuadergone this process eren more than once» 
and been entirdy tom in fin^fments, or reduced to powder, 
sjod submerged and reconstructed. Land, in this view of 
the subject, loses its attribute of fixity. As a mass, it migbt 
hold together in opposition to forces which the water fireely 
obeys ; but in its state of successive or simultaneous degra- 
dation, when disseminated through the water, in the state 
of sand or mod, it is subject to all the impulses of that fiuid. 
In the lapse of time, then, the protuberant land would be 
destroyed, and spread over the bottom of the ocean, filling 
op the lower parts, and tending continually to remodel the 
surface of the solid nucleus, in correspondence with the 
form of equil'Syrvum. Thus, after a sufficient lapse of time, in 
the case of an earth in rotation, the polar protuberances 
would gradually be cut down and disappear, being trans- 
ferred to the equator (as being then the deepest sea), till the 
earth would assume by degrees the form we observe it to 
have — that of a flattened or oblate ellipsoid.* 

‘ We are far from meaning here to trace the process by 
which the earth really assumed its actual form ; all we intend 
is to show that this is the form to which, under a condition 
of a rotation on its axis, it must tend, and which it would 
attain even if originally and (so to speak) perversely consti- 
tuted otherwise.’* 

Although in the above passage no mention is made of 
subaerial denudation, yet it must be understood that it would 
play a leading part in the degradation of the polar land under 
the condition above assumed. Sir John Herschel has also con- 
fined his observations to the effects of aqueous causes only ; 
neither he nor Playfair seems to have followed out the same 
enquiry with reference to another part of Hutton’s system ; 
namely, that which assumes the successive fusion by heat of 
different parts of the solid earth. Yet the progress of geo- 
logy has continually strengthened the evidence in favour of 
the doctrine that local variations of temperature have melted 
one part after another of the earth’s crust, and this influence 
has perhaps extended downwards to the very centre. 


* Henchel’i Aatioiamiy, chap. iii. ; alao 7th edition, chap. ir. p. 142. 
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tliorefoore, bef<»« the globe bad assumed its present form, it 
wus made to rerolre on its axis, all matter to which hiuedom 
motion was given bj fbsion, must before consolidating 
have been impelled towards the equatorial regions in obe- 
dience to the centrifagal force, ^os, lava flowing out in 
superficial streams would have its motion retarded when its 
direction was towards the pole, accelerated when towards 
the equator ; or if lakes and seas of lava existed beneath the 
earth’s crust in. equatorial regions, as probably now beneath 
the Peruvian Andes, the imprisoned fluid would force out- 
wards and permanently upheave the overlying rocks. The 
statical figure, therefore, of the terrestrial spheroid (of which 
the longer diameter exceeds the shorter, by about twenty-five 
miles), may have been the result of gradual and even of 
existing causes, and not of a primitive, universal, and simul- 
taneous fluidity.* 

Experiments made with the pendulum, and observations 
on the manner in which the earth attracts the moon, have 
shown that our planet is not an empty sphere, but, on the 
contrary, that its interior, whether solid or fluid, has a higher 
specific gravity than the exterior. It has also been inferred 
from certain inequalities in the moon’s motion, that there is 
a regular increase in density from the surface towards the 
centre, and that the equatorial protuberance is continued 
inwards; that is to say, that layers of equal density are 
arranged elliptically, and symmetrically, from the exterior to 
the centre. 

The mean density of the earth has been computed by 
Laplace to be about 5i, or more than 5 times that of water. 
Now the specific gravity of many of our rocks is from 2^ to 
3, and the greater part of the metals range between that 
density and 21. Hence some have imagined that the terres- 
trial nucleus may be metallic — that it may correspond, for 
example, with the specific gravity of iron, which is about 7. 
But here a curious question arises in regard to the form 
which materials, whether fluid or solid, might assume, if 
subjected to the enormous pressure which must obtain at the 

* Sp 6 Hennessj, On Changes in Dublin, 1849; and Proo. Boy. Irish 
Baith's Figure, Joum. GeoL Soc. Acad. toI. iv. p. 337. 
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eturtii’s oenixe. Water, if it continued to decrease in Yclnme 
according to the rate of compressibility deduced from expeii> 
ment, wonld have its density doubled at the depth of 98 miles, 
and be as heavy as mercury at the depth of 362 miles. Dr. 
Toung computed that, at the earth’s centre, steel wotild be 
compressed into one-fourth, and stone into one-eighth of its 
bulk.* It is more than probable, however, that after a 
certain degree of condensation, the compressibility of bodies 
may be governed by laws altogether different from those 
which we can put to the test of experiment ; but the limit is 
still undetermined, and the subject is involved in such ob- 
scurity, that we cannot wonder at the variety of notions 
which have been entertained respecting the nature and con- 
ditions of the central nucleus. Some have conceived it to be 
fluid, others solid; some have imagined it to have a cavernous 
structure, and have even endeavoured to confirm this opinion 
by appealing to observed irregularities in the vibrations of 
the pendulum in certain countries. 

An attempt has been made by Mr. Hopkins to determine 
the least thickness which can be assigned to the solid crust 
of the globe, if we assume the whole to have been once 
perfectly fluid, and a certain portion of the exterior to have 
acquired solidity by gradual refrigeration. This result he 
has endeavoured to obtain by a new solution of the delicate 
problem of the precessional motion of the pole of the earth, 
caused, as before mentioned, p. 275, Vol. I., by the attraction 
of the sun and moon, and principally the moon, on the 
protuberant parts at the earth’s equator ; for if these parts 
were solid to a. great depth, the motion thus produced would 
differ considerably from that which would exist if they were 
perfectly fluid, and incrusted over with a thin shell only a 
few miles thick. In other words, the disturbing action of 
the moon will not be the same upon a globe all solid and 
upon one nearly all fluid, nor will it be the same upon a 
globe in which the solid shell forms one-half of the mass, 
and another in which it forms only one-tenth. 

Mr. Hopkins has, therefore, calculated the amount of 

* Young’s Lectures, and Mrs. SomerriUe’s Connection of the Physical Saences, 
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pifooeuional motaon wMch would resolt if we Msnme the 
eiiih to be eonstitated as above stated ; i.e. flaid internally, 
and enveloped by a solid shell ; and he finds that the amount 
will not agree with the observed motion, unless the crust of 
tile earth be of a certain thickness. In calculating the exact 
amount, some ambiguity arises in consequence of our igno> 
ran(% of the effect of pressure in promoting the solidification 
of matter at high temperatures. The hypothesis least favour- 
able for a great thickness is found to be that which assumes 
the pressure to produce no effect on the process of solidifi- 
cation. Even on this extreme assumption, the thickness of 
the solid crust must be nearly four hundred tnilet, and this 
would lead to the remarkable result that the proportion of 
the solid to the fluid part would be as 49 to 51, or, to speak 
in round numbers, there would be nearly as much solid as 
fluid matter in the globe. The conclusion, however, which 
Mr. Hopkins announces as that to which his researches have 
finally conducted him, is thus expressed : ‘ Upon the whole, 
then, we may venture to assert that the minimum thickness 
of the crust of the globe, which can be deemed consistent 
with the observed amount of precession, cannot be less than 
one-fourth or one-fifth of the earth’s radius ; ’ that is, from 
800 to 1,000 miles.* 

It wiU be remarked, that this is a minimum, and any still 
greater amount would be quite consistent with the actual 
phenomena; the calculations not being opposed to the sup- 
position of the general solidity of the entire globe. Nor do 
they preclude us from imagining that great lakes and seas of 
melted matter may be distributed through a shell 400 or 800 
miles thick, provided they be so inclosed as to move with it, 
whatever motion of rotation may be communicated by the 
attraction of the sun and moon. M. Delaunay, the eminent 
French astronomer, in his paper on the ‘ Hypothesis of the 
Internal Fluidity of the Terrestrial Globe,’ t has brought for- 
ward some objections to the arguments advanced by Mr. 


* Phil Truia. 1839, and Besea^es Phenomena and Theory of Volcanoe, 
in Physical Geology, Ut, 2nd, and 8rd Report Brit. Assoc. 1847. 
series, London, 1889 — 1842; also on t ComptesBendns for July 18, 1888. 
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Hopldns; bat KrWiIIiam Thomson, after oftrafti]lyooii8i4e>w 
ing these objections, states that the hypothesis of a Tisoons 
flnid assnmed by M. Delaunay can be mathematically proTed 
to be insufficient for the phenomena, which cannot, he be- 
lieves, be accounted for unless the crust have a thickness of 
at least 2,000 or 2,500 miles, and a rigidity approaching that 
of a globe of solid glass. * 

Bate of heai increasing with depth . — The hypothesis of 
internal fluidity calls for the more attentive consideration, 
as it has been found that the heat in mines augments in pro- 
portion as we descend. Observations have been made, not 
only on the temperature of the air in mines, but on that of 
the rocks, and on the water issuing from them. The mean 
rate of increase, calculated from the most careful experiments 
yet made in 2 shafts, one near Durham, and another near 
Manchester, each of them 2,000 feet deep, is 1° Fahrenheit 
for every increase of depth of from 65 to 70 feet, a rate of 
increase considerably less than that previously deduced from 
coal-mines in the same districts.f This rate, however, agrees 
very nearly with previous observations made in several of 
the principal lead and silver mines in Saxony, which gave 
1® Fahr. for every 65 feet. In this case, the bulb of the 
thermometer was introduced into cavities purposely cut in 
the solid rock at depths varying from 200 to about 900 
feet. But in other mines of the same country, it was 
necessary to descend thrice as far for each degree of tem- 
perature. J 

A thermometer was fixed in the rock of the Dolcoath 
mine, in Cornwall, by Mr. Fox, at the great depth of 1,380 
feet, and frequently observed during 18 months ; the mean 
temperature was 68® Fahr., that of the surface being 50®, 
which gives 1® for every 75 feet. 

Kupffer, after an extensive comparison of the results in 
different countries, makes the increase I® Fahr. for about 
every 37 English feet.§ M. Cordier announces, as the result 

* Nature, Vol. V., January 18, 1872, ^ Cordier, M6m. de I’lnetit. tom. 

p. 223, and Feb. let, p. 257. vii. 

+ These observations were made by | Pog. Ann. tom. xv. p. 169. 
Professor Philips. 
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of Mb experimenis and olMer?ationa on the temperature of 
the intmior of the earth, that the heat increases rapidlj with 
the' depth ; bat the increase does not follow tiie same law 
ayet the whole earth, being twice or three times as moch in 
one country as in another, and these differences are not in 
constant relation either with the latitndes or longitudes of 
places. He is of opinion, however, that the increase would 
not be overstated at 1® Cent, for every 25 metres, or about 
1® Fahr. for every 45 feet.* The experimental well bored at 
Grenelle, near Paris, gave, as before stated (Vol. 1. p. 387), an 
increase of about 1® Fahr. for every 60 English feet to the 
depth of 1,800 feet. 

At Naples, according to Mr. Mallet, the water in the Artesian 
well at the Royal Palace, at the depth of 1,460 feet, has a 
temperature of only 68® Fahr., which, deducting for the 
mean temperature of the surface soil, 61® Fahr., gives an 
increment of only 1® Fahr. for every 208 feet in depth. 
Another well in the same city, only a mile distant from the 
former and 909 feet deep, gives 1° Fahr. for 83 feet in depth. 
It is conjectured that the low temperature of the well first 
mentioned may be due to the cooling influence both of fresh 
and sea water which may be filtered through porous beds of 
tufa. 

Some writers have endeavoured to refer these phenomena 
(which, however discordant as to the ratio of increasing heat, 
appear all to point one way) to the condensation of air con- 
stantly descending from the surface into the mines. For the 
air under pressure would give out latent heat, on the same 
principle as it becomes colder when rarefied in the higher 
regions of the atmosphere. But the argument has been 
answered in a satisfactory manner by Mr. Fox, who has 
shown, from observations made in the mines of Cornwall, 
that the difference of temperature between the descending 
and ascending currents varies from 9° to 17® Fahr., and 
therefore that the accession of heat is greater than could be 
supposed to be caused by the condensation of the air.f 

* See M. Cordier's Memoir on the tom. vii., and Edin. New. Phil. Journal, 
Temperature of the Interior of the No. viii. p. 273. 

Earth, June, 1827. M4m. de I’lnstit. t Phil, Mag. and Ann. Feb. 1830. 
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If we adopt tlie mean inorease 1” Falir. tor every 65 feet 
of depth, and aaanme, with the advocates of central fluidity, 
that the increasing temperature is continued downwards for 
an indefinite distance, we should reach tdie ordinary boiling 
point of water at rather more than 2 miles below the surfime, 
and at the depth of about 34 miles should arrive at the 
melting point of iron, or 2,786° Fahr. according to Daniell’s 
pyrometer, a heat sufficient to fuse almost every known sub- 
stance. In the diagram, fig. 184, p. 212, the outer circular 
line represents a thickness of 25 miles, and the space between 
the 2 circles, together with the lines themselves, represents a 
crust of 20 D miles in depth. If, therefore, the heat went on 
increasing at the rate above alluded to, we should encounter 
not lar below the outer line a temperature many times 
greater than that sufficient to melt the most refractory sub- 
stances known to us. At much greater depths, and long 
before approaching the central nucleus, the heat would be so 
intense (160 times that of melted iron), that we cannot con- 
ceive the external crust to resist fusion.* 

It may be said that we may stand upon the hardened sur- 
face of a lava current while it is still in motion — nay, may 
descend into the crater of Vesuvius after an eruption, and 
stand on the scorise while every crevice shows that the rock 
is red-hot 2 or 3 feet below us ; and at a somewhat greater 
depth, all is, perhaps, in a state of fusion. May not, then, 
a much more intense heat be expected at the depth of several 
hundred yards or miles? The answer is — that until a 
great quantity of heat has been given off, either by the 
emission of lava, or in a latent form by the evolution of 
steam and gas, the melted matter continues to boil in the 
crater of a volcano. But ebullition ceases when there is no 
longer a sufficient supply of heat from below, and then a 
crust of lava may form on the top, and showers of scoriae 

* The expansion of platinum was the other test y^t invented for measuring 
test employed by Mr. Daniell in his intense heat can be fully depended upon, 
pyrometer, whidi was found to yield Malleable iron, he remarks, requiree 
uniform and constant results, in har- more heat for iU fusion than wrought 
mony with those derived from other iron, in which the metal is mixed with 
independent sources. But Br. Percy a small percentage of carbon, 
informs me that neither this nor any 
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may iWi descend apon the eorfiace, and remain nnmeltedi 
If ihe internal heat 1 m raiaed af ain, ebullition uriB recom- 
mence, and soon fuse the superficial crusi 8o in the case 
of the moring current, we may safely assume that no part of 
the liquid beneath the hardened surface is much abore the 
temperature sufficient to retain it in a state of fluidity. 

M. Poisson, in his Mathematical Theory of Heat, published 
in 1885, controverted the doctrine of the high temperature of 
a central nucleus, and declared his opinion that if the globe 
had ever passed from a liquid to a solid state in consequence 
of the loss of heat by radiation, the cooling and consolidation 
of the nucleus would have begun at the earth’s centre. 

Many of the advocates of central fluidity have admitted 
that there must be tides in the internal ocean; but their 
effect, says Cordier, has become feeble, although originally, 
when the fluidity of the globe was perfect, ‘ the rise and fall 
of these ancient land tides could not have been less than 
from 13 to 16 feet.’ Now, granting for a moment that these 
tides have become so feeble as to be incapable of causing the 
fissured shell of the earth to be first uplifted and then de- 
pressed every 6 hours, still may we not ask whether, in every 
volcano during an eruption, the lava, which is supposed to 
communicate with a great central ocean, would not rise and 
fall sensibly, or whether, in a crater like Stromboli, where 
there is always melted matter in a state of ebullition, the ebb- 
ing and flowing of the liquid would not be constant ? 

Supposed change of axis of earth’s crust . — An ingenious 
paper was read before the Royal Society,* by Mr. Evans, in 
1866, in which he suggested that former changes of climate 
on the surface might be connected with the sliding of a solid 
shell over an internal fluid nucleus. Granting for the moment 
the fluidity (in spite of the arguments I have adduced against 
it, p. 204), the equilibrium of the external shell might, no 
doubt, be disturbed by the transfer of the sediment from one 
part of the surfece to another, or by the upheaval of new 
continents and islands ; and Mr. Evans shows that, whenever 
matter is abstracted from one part and added to another, the 
centrifugal force of the augmented extraneous matter would 

* J. Kvaos, Bojal Society ProoeediDgs, 1866. 
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tend to dr&w orer the shell towards the equatin', or an oppo- 
site effect wonld be produced if the sorfisoe was reliered of 
part of its weight, in which case the lighter part would move 
towards the pole. 

Newton, and afterwards Laplace, had argued against the 
probability of a shifting of the earth’s axis of rotation, and 
more recently Mr. Airy had among other arguments pointed 
out that the elevation of mountain chains at certain geolo- 
gical periods, which had been proposed as causing an altera- 
tion in the earth’s centre of gravity, was an insignificant 
cause, since the size of such mountain masses was very 
minute, when compared to the equatorial protuberance, 
which he says is a mass of matter 25,000 miles long, 
6,000 miles broad, and 13 miles deep. But Mr. Evans 
suggests that the axis of rotation of the nucleus might 
remain unchanged, while a solid shell not more, perhaps, 
than 25 miles in thickness might have its axis of rotation 
altered. To this hypothesis there are several objections : — 

First, in all geological times, the transfer of sediment has 
been taking place not only from higher to lower latitudes, 
but also from lower to higher. There is the like tendency in 
the various elevations and depressions of land simultane- 
ously in progress to balance each other. It is only the 
excess of alteration in one direction that can be available as 
a disturbing cause, and we can hardly imagine this excess 
to be important enough to cause a sensible change in the 
axis of rotation even of the external shell, such as might 
explain the altered climate of the same country in successive 
geological periods. 

Secondly, a greater difficulty arises out of the fact that 
the earth is a spheroid and not a perfect sphere, since it 
becomes necessary to imagine the fluidity of the nucleus to 
be so perfect as to allow the shell to slide freely over it. If 
the lower or inner surface of the envelope be irregular in 
shape, or if it be even viscous in part, great resistance 
would be offered to any change in its position. Its freedom 
of motion would be checked by its not fitting the nucleus, 
let its change of position be ever so slight, and this change 

VOL. U. P 
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oonld odIj be effSeoted by tiie most violent friction, attended 
by tbe bending and rending of the incumbent mass. 

Partial fluidity of the earth's crust most consistent with 
volcanic •phenomena. — It must not be forgotten that the 
geological speculations still in vogue respecting the original 
fluidity of the planet, and the gradual consolidation of 
its external shell, belong to a period when theoretical ideas 
were entertained as to the relative age of the crystalline 
foundations of that shell wholly at variance with the present 
state of our knowledge. It was formerly imagined that all 
granite was of very high antiquity, and that rocks such as 
gneiss, mica-schist, and clay slate, were also anterior in date 
to the existence of organic beings on a habitable surface. It 
was, moreover, supposed that these primitive formations, as 
they were called, implied a continual thickening of the crust 
at the expense of the original fluid nucleus. These notions 
have been universally abandoned. It is now ascertained 
that the granites of different regions are by no means all of 
the same antiquity, and that it is hardly possible to prove any 
one of them to be as old as the oldest known fossil organic 
remains. It is likewise now admitted, that gneiss and other 
stratified crystalline strata are sedimentary deposits which 
have undergone metamorphic action, and they can almost 
all be demonstrated to be newer than the lately discovered 
fossil called Eozoon Canadense. It follows from such views, 
which are of comparatively modem date, that instead of 
these crystalline rocks, which are often of enormous volume, 
implying a constant thickening of the earth’s crust from 
the remotest periods, they most of them bear testimony to 
aqueous denudation on a vast scale, or, in other words, they 
bespeak the removal of just as much solid matter from one part 
of the earth’s circumference as has been contemporaneously 
accumulated in the shape of new strata in some other part. 
It was, moreover, taken for gianted by the earlier theorists, 
without any suflBcient geological proof, that the energy of 
the volcanic force was far more intense in the remoter 
periods of the earth’s history than in the later. No adequate 
conception had been formed of the great lapse of time occu- 
pied in the elaboration of each of the principal groups of 
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the primary, secondary, and tertiary fossilif^roas ro(^, and 
of the gradual manner in which contemporaneous volcanic 
products were locally developed during each of those periods. 

The limited areas to which the volcanic ontbUrsts were 
confined at any one epoch, the Cretaceous for example, are 
proved by the general absence in strata of the same age of 
associated igneous formations. It can be demonstrated that 
the volcanic power was by no means dormant, but it was 
locally developed. There are wide tracts in North America 
and Russia where very ancient strata, such as the Silurian and 
Carboniferous, are horizontal and undisturbed, and wholly de- 
void of contemporaneous igneous products, showing that such 
areas were not only free from volcanic action in Palaeozoic 
times, but that they have never been the theatres of such 
action at any subsequent epoch. On the other hand, we 
often find that regions where showers of volcanic ashes and 
the intrusion of igneous matter into fissures were once most 
frequent, are now entirely free from volcanic disturbance. • 
The continual transfer, therefore, of the points of chief 
development of the earthquake and volcano from one part 
of the earth’s crust to another, is established as a general 
law by the clearest geological evidence. We have also seen 
(Chapter xxiii.) that volcanic operations are now in progress 
on the grandest scale, and also that single currents of lava of 
modem date are as voluminous as any which can be shown 
to have ever poured out in the earliest eras to which our 
geological retrospect can be carried. 

The doctrine, therefore, of the pristine fluidity of the interior 
of the earth, and of the gradual solidification of its crust con- 
sequent on the loss of internal heat by radiation into space, 
is one of many scientific hypotheses, which has been adhered 
to after the props by which it was at first supported have given 
way one after another. The astronomer may find good reasons 
for ascribing the earth’s form to the original fluidity of the 
mass in times long antecedent to the first introduction of 
living beings into the planet ; but the geologist must be con- 
tent to regard the earliest monuments which it is his task to 
interpret as belonging to a period when the crust had already 
acquired great solidity and thickness, probably as gi^t as 
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it now possesses, and when voleanic rocks not essentially dif> 
ieitixtg from those now prodnced were formed from time to 
time, the intensity of volcanic heat being neither greater nor 
less than it is now. This heat has, no donbt, given rise at 
successive periods to many of the leading changes in the 
form and structure of the emrth’s crust ; but their magnitude 
is by no means such as to warrant our invoking the igneous 
fusion of the whole planet to account for the,m. If the reader 
will refer to the accompanying diagram, fig. 184, he may 



Section of the earth in which the breadth of the outer boundary line represents a 
thickness of 26 miles ; the space between the circles, including the breadth of 
the lines, 200 miles. 

convince himself that a machinery more utterly dispropor- 
tionate to the effects which it is required to explain was never 
appealed to. The outer circular line of the diagram represents 
a portion of the earth’s diameter equal to 25 miles ; so that 
if the loftiest mountain chains, even such as the Himalaya, 6 
miles in their greatest height, could be expressed by white 
marks within this line, they would form a feature in it which 
would be scarcely appreciable. 
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The space between the two circles, including tiie thidcness 
of the lines themselres, has a breadth or diameter of 200 
miks. Let ns, then, suppose rerj thin lines 2 inches long, 
and equal in width to only ^ of the outer line, to be drawn 
here and there within this crust of 200 miles in thickness. 
These lines, faint and unimportant as they would appear, 
might nevertheless represent sections of seas or oceans of 
melted lava 5 miles deep and 5,000 miles long. It cannot 
be denied that the expansion, melting, solidification and 
shrinking of such subterranean seas of lava at various depths, 
might suffice to cause great movements or earthquakes at 
the surface, and even great rents in the earth’s crust several 
thousand miles long, such as may be implied by the lineally 
arranged cones of the Andes or mountain chains like the 
Alps. 

Supposed secular loss of heat in the solar system. — It is a 
favourite dogma of some ph 3 r 8 ici 8 t 8 , that not only the earth 
but the sun itself is continually losing a portion of its heat, 
and that as there is no known source by which it can be 
restored, we can foresee the time when all life will cease to 
exist upon this planet, and on the other hand we can look 
back to the period when the heat was so intense as to be in- 
compatible with the existence of any organic beings such as 
are known to us in the living or fossil world. 

I shall consider in the next chapter the connection of solar 
and terrestrial magnetism, and the extent to which electricity 
may be conceived to be a source of volcanic heat. But 
when we consider the discoveries recently made of the 
convertibility of one kind of force into another, and how 
light, heat, magnetism, electricity, and chemical affinity are 
intimately connected, we may well hesitate before we 
accept the theory of the constant diminution from age to 
age of a great source of dynamical and vital power. ‘ All re- 
flecting minds are now convinced,’ says Mr Grove, ‘ that force 
cannot be annihilated. If light, then, is lost as light (and the 
observations of Struv6 seem to show this to be so — that, in 
fact, a star may be so far distant that it can never be seen in 
consequence of its luminous emissions becoming extinct), 
what becomes of the transmitted force lost as lights but ex- 
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isting in some other form? So with bea4^; our snn, our 
earthy and planets are constantly radiating heat into space, 
so, in all probability, are the other suns, the stars, and their 
attendant planets* What becomes of the heat thns radiated 
into space 9 If the nnirerse have no limit, and it is diffi-* 
cult to conceive one, there is a constant evolution of heat and 
light; and yet more is given off than is received by each 
(self-luminous) cosmical body, for otherwise night would be 
as light and as warm as day. What becomes of the enor- 
mous force thus apparently non-recurrent in tlie same form ? 
Does it return as palpable motion 9 Does it move or con- 
tribute to move suns and planets? and can it be conceived as 
a force similar to that which Newton speculated on as uni- 
versally repulsive and capable of being substituted for uni- 
versal attraction ? ’ * A geologist, in search of some reno- 
vating power, by which the amount of heat may be made to 
continue unimpaired for millions of years, past and future, 
in the solid parts of the earth, although perpetually shifting 
the chief points of its development, has been compared to one 
who dreams he can discover a source of pei*petual motion, 
and invent a clock with a self-winding apparatus. But 
why should we despair of detecting proofs of such a regene- 
rating and self-sustaining power in the works of a Divine 
Artificer 9 What is the origin of the force which governs 
the motions of the heavenly bodies ? It has been likened 
to the intellectual power of the human will, which initiates 
and directs all our muscular actions. To define its nature, 
has hitherto baffled the efforts of the metaphysician and na- 
tural philosopher, but assuredly we are not yet so far advanced 
in our knowledge of the system of the universe as to be enti- 
tled to declare that a great dynamical force like that of heat 
is on the wane. 

* Bxttifili A«boc. Address, Kottinghiim, August 22, 1866. 
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CHAPTER XXXIII. 

CATJ8E8 OP EAETHQTTAKE8 AND VOLCANOS — continued. 

kOUSCY OF BTRAIC IK YOI.CAH1C BRCPTIOKS OBYSBRS OF ICRl^D — K«W 

ZBAIAKD OaVSEBS — KXPAKSITB POWEB OP UQUID OASES — ACCESS OF SALT 
STATEB, ATMOSPHERIC AIK, AKU FRESH WATER TO THE TOLCAKIC FIKT —MOW 
THE SOCCESSITE DBTRLOPMEKT OF TOLCAKIC HEAT IK THE EAHTU'S CRCST 
CAUSES IT TO RESEMHLB A BOOT COOLIKO FROM A ORKBRAL STATE OF FTSIOK 
— FLBXlBtLITy OF THE BARTU's CRUST — KIJJCTRICITT AND MAOKETISM COK- 
BIDBRED AS SOURCES OF VOLCANIC HEAT — CHEMICAL ACTION — CAUSES OF 
PERMANENT ELEVATION AND SUBSIDENCE OF LAND — BALANCE OF DRT LAND, 
How PRESERVED — RECAPITUIJITION OF CHAPTEUS XXXII. AND XXXIII. 


ACEIfcr OF STEAM IN VOLCANIC ERUPTIONS. — We have 
seen that almost all the active volcanos are on sea-coasts or 
in islands. ‘ Out of 225 volcanos,’ says Sir John Herschel, 

‘ which are known to have been in eruption within the last 
150 years, there is only a single instance of one more than 
320 miles from the sea, and even that one. Mount Demawend 
in Persia, is on the edge of the Caspian, the largest of all the 
inland seas.’ Jorullo in Mexico, which was in eruption in 
1759, is no less than 120 miles from the nearest ocean ; but, 
as Dr. Daubeny observes, it forms part of a train of volcanos 
one extremity of which is near the sea, (See Vol. I. p. 585, 
and Chap. xxvn. Vol. II. p. 53.) The volcano said to 
have been in activity in the 7th century in Central Tartary 
is 260 geographical miles from the ocean, but near a large 
lake. (Vol. I. p. 592.) 

Mr. Dana, in his valuable and original observations on the 
volcanos of the Sandwich Islands, reminds us of the prodi- 
gious volume of atmospheric water which must be absorbed 
into the interior of such large and lofty domes, composed as 
they are entirely of porous lava. To this source alone he 
refers the production of the steam by which the melted matter 



216 OEYSEBS OF ICEUMD. CCil XXXUI. 

ii ]Mr(q>eUed npwardi, even to the smomit of cooes 8 miks in 
height.* 

(hyteri of ledand . — The extent to which poroos rocks are 
percolated by rain-water to great depths in almost every 
region, however far from the sea, has been allnded to in oar 
chapter on Springs (Vol. I. p. 884) ; and as there is no donbt 
that ordinary steam plays a prominent part in volcanic 
eruptions generally, it may be well before going farther to 
consider attentively a case in which we know it to be exclusively 
the moving power, namely, that of the Geysers of Iceland. 
These intermittent hot springs occur in a district situated in 
the south-western division of Iceland, where nearly 100 of 
them are said to break out within a circle of 2 miles. That 
the water is of atmospheric origin, derived from rain and 
melted snow, is proved, says Professor Bunsen, by the nitrogen 
which rises from them either pure or mixed with other gases. 
The springs rise through a thick current of lava, which may 
perhaps have flowed from Mount Hecla, the summit of that 
volcano being seen from the spot at the distance of more 
than 80 miles. In this district the rushing of water is 
sometimes heard in chasms beneath the surface ; for here, as 
on Etna, rivers flow in subterranean channels through the 
porous and cavernous lavas. It has more than once happened, 
after earthquakes, that some of the boiling fountains have 
increased or diminished in violence and volume, or entirely 
ceased, or that new ones have made their appearance — changes 
which may be explained by the opening of new rents and the 
closing of pre-existing fissures. 

Pew of the Geysers play longer than 5 gr 6 minutes at 
a time, although sometimes half an hour. The intervals 
between their eruptions are for the most part very irregular. 
The Great Geyser rises out of a spacious basin at the summit 
of a circular motmd composed of siliceous incrustations de- 
posited from the spray of its waters. The diameter of this 
basin, in one direction, is 56 feet, and 46 in another. (See 
fig. 135.) 

In the centre is a pipe 78 feet in vertical depth, and 


* Geology of Ameriean Exploring Expedition, p. 369. 
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fgom 8 to 10 feet in diameter, but gradoallj widening as 
it rises into the basin. The inside of the buin is whitish, 
consisting of a silioeoas crust, and perfectly smootb, as are 
likewise two small channels on the sides of the mound, 
down which the water escapes when the bowl is filled to the 
margin. The circular basin is sometimes empty, as repre- 
sented in the following sketch; but is usually filled with 
beautifully transparent water in a state of ebullition. During 
the rise of the boiling water in the pipe, especially when the 



View of the crater of the Groat Geyser in Iceland. 


ebullition is most violent, and when the water is thrown up 
in jets, subterranean noises are heard, like the distant firing 
of cannon, and the earth is slightly shaken. The sound then 
increases, and the motion becomes more violent, till at length 
a column of water is thrown up, with loud explosions, to the 
height of 100 or 200 feet. After playing for a time like an 
artificial fountain, and giving off great clouds of vapour, 
the pipe or tube is emptied ; and a column of steam, rushing 
up with amazing force and a thundering noise, terminates 
the eruption. 

If stones are thrown into the crater, they are instantly 
ejected ; and such is the explosive force, that very hard rocks 
are sometimes shivered by it into small pieces. Henderson 
found that by throwing a great quantity of large stones into 
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pipe of Stroklnir, one of tbe Geysers, he could bring on an 
eroption in a tew minutes.* The fragments of stone, as wdl 
as the boiling water, were thrown in that case to a much 
greater height than usual. After the water had been ejected, 
a column of steam continued to rush up with a deafening 
roar for nearly an hour ; but the Geyser, as if exhausted by 
this effort, did not send up a fresh eruption when its usual 
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Eruption of the New Geyser in 1810. (Mackenzie.) 


interval of rest had elapsed. The account given by Sir George 
Mackenzie of a Geyser which he saw in eruption in 1810 
(see fig. 136), agrees perfectly with the above description 
by Henderson. The steam and water rose for half an hour 
to the height of 70 feet, and the white column remained 
vertical, notwithstanding a brisk gale of wind which was 
blowing against it. Stones thrown into the pipe were pro- 
* Joarnal of a Beeidence in Iceland, p. 74. 
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jeoted to a greater height than the water. To leeward of 
the Tapoor, a heavy shower of rain was seen to fisU.* 

New Zealand Qeyeen . — ^The Geysers of New Zealand, 
although they have hitherto attracted less notice, are quite as 
numerous and remarkable as those of Iceland. They occur 
in thousands on the Northern Island, forming three parallel 
lines striking in the direction of N. 36° £. In a valley 
called Orakeikorako, on the river Waikato, Dr. Hochstetter 
counted 76 points of eruption in view at one time, many 
of them forming intermittent geyser-like fountains, with 
periodical water eruptions. The phenomena exhibited by 
these hot springs are throughout similar to those of Iceland, 
and the incrustations deposited by them are, in like manner, 
siliceous, and not calcareous. The intermittent springs, 
called by the natives Puias, which at certain periods give 
forth regular geyser-like water eruptions, form a class quite 
distinct from the Ngawhas, or permanent springs, the surface 
of which either remains in a state of repose, or in uniform 
ebullition; but both kinds owe their origin, says Dr. 
Hochstetter, to the water permeating the surface and sinking 
into the bowels of the earth, where it becomes heated by 
volcanic fires.f 

Causes of Geysers. — Among the different theories pro- 
posed to account for the phenomena of Geysers, I shall 
first mention one suggested by Sir J. Herschel. An imita- 
tion of these jets, he says, may be produced on a small 
scale, by heating red-hot the stem of a tobacco pipe, 
filling the bowl with water, and so inclining the pipe as 
to let the water run through the stem. Its escape, 
instead of taking place in a continued stream, is then 
performed by a succession of violent explosions, at first of 
steam alone, then of water mixed with steam ; and, as the 
pipe cools, almost wholly of water. At every such paroxysmal 
escape of the water, a portion is driven* back, accompanied 
with steam, into the bowl. The intervals between the ex- 
plosions depend on the heat, length, and inclination of the 
pipe ; their continuance, on its thickness and conducting 

* Mackeime's Iceland, 

t Hochstetter, New Zealand, 1867, p. 432. 
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powor.* The application of this experiment to the Gejaen 
merely requires that a subterranean stream, flowing through 
tibe pores and crevices of lava, should suddenly reach a fissnre, 
around which the rock is red-hot or nearly so. Steam would 
immediately be formed, which, rushing up the fissure, might 
force up water along with it to the surface, while, at the 
same time, part of the steam might drive back the water of 
the supply for a certain distance towards its source. And 
when, after the space of some minutes, the steam was all 



Supposed reservoir and pipe of a Geyser in Iceland, f' 


condensed, the water would return, and a repetition of the 
phenomena take place. 

There is, however, another mode of explaining the action 
of the Geyser, perhaps more probable than that above de- 
scribed. Suppose water percolating from the surface of the 
earth to penetrate into the subterranean cavity A D (fig. 137) 
by the fissures F F, while, at the same time, steam at an 
extremely high temperature, such as is commonly given out 
from the rents of lava currents during congelation, emanates 
from the fissures C. A portion of the steam is at first con- 

* MS. read to Qeol. Soc. of London, Feb. 29, 1832. 
t From Sir George Mackenzie’s Iceland. 
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densed into water, while the temperature of ihe water is 
raised bj the latent heat thus evolved, till, at last, the lower 
part of the cavity is filled with boiling water and the upper 
with steam under high pressure. The expansive force of the 
steam becomes, at length, so great, that the water is forced 
up the fissure or pipe E B, and runs over the rim of the basin. 
When the pressure is thus diminished, the steam in the upper 
part of the cavity A expands, until all the water D is driven 
into the pipe ; and when this happens, the steam, being the 
lighter of the two fluids, rushes up through the water with 
great velocity. If the pipe be choked up artificially, even for 
a few minutes, a great increase of heat must take place ; for 
it is prevented from escaping in a latent form in steam ; so 
that the water is made to boil more violently, and this brings 
on an eruption. 

Professor Bunsen, before cited, adopts this theory to account 
for the play of the ‘ Little Geyser,’ but says it will not explain 
the phenomena of the Great one. He considers this, like the 
others, to be a thermal spring, having a narrow funnel-shaped 
tube in the upper part of its course, where the walls of the 
channel have become coated over with siliceous incrustations. 
At the mouth of this tube the water has a temperature, 
corresponding to the pressure of the atmosphere, of about 
212° Fahr., but at a certain depth below it is much hotter. 
This the Professor succeeded in proving by experiment ; a 
thermometer suspended by a string in the pipe rising to 260° 
Fahr., or no less than 48° above the boiling point of ordinary 
atmospheric pressure. After the column of water has been 
expelled, what remains in the basin and pipe is found to be 
much cooled.* 

Previously to these experiments of Bunsen and Descloizeaux, 
made in Iceland in 1846, it would scarcely have been supposed 
possible that the lower part of a free and open column of 
water could be raised so much in temper^ure without causing 
a circulation of ascending and descending currents, followed 
by an almost immediate equalisation of heat. Such circu- 
lation is no doubt impeded greatly by the sides of the well not 
being vertical, and by numerous contractions of its diameter, 

* Banaen. Poggendoif, Annalen der Phyaik, vol. baii. 
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bat tbe pbenomenon maj be cbi^jr dae to another eanse. 
According to experiments on the cohesion of liquids by 
Mr. Donny of Ghent, it appears that when water is freed 
from all admixture of air, its temperature can be raised, even 
nnder ordinary atmospheric pressure, to 275® Fahr., so much 
does the cohesion of its molecules increase* when they 
are not separated by particles of air. As water long boiled 
becomes more and more deprived of air, it is probably very 
free from such intermixture at the bottom of the Geysers. 

Among other results of the experiments of Bunsen and his 
companion, they convinced themselves that the column of 
fluid filling the tube is constantly receiving accessions of hot 
water from below, while it becomes cooler above by evapora- 
tion on the broad surface of the basin. They also came to a 
conclusion of no small interest, as bearing on the probable 
mechanism of ordinary volcanic eruptions, namely, that the 
tube itself is the main seat or focus of mechanical force. 
This was proved by letting down stones suspended by strings 
to various depths. Those which were sunk to considerable 
distances from the surface were not cast up again when the 
next eruption of the Geyser took place, whereas those nearer 
the moiith of the tube were ejected to a height of 100 feet. 
Other experiments also were made, tending to demonstrate the 
singular fact, that there is often scarcely any motion below, 
when a violent rush of steam and water is taking place above. 
It seems that when a lofty column of water possesses a 
temperature increasing with the depth, any slight ebullition 
or disturbance of equilibrium in the upper portion may first 
force up water into the basin, and then cause it to flow over 
the edge. A lower portion, thus suddenly relieved of part of 
its pressure, expands and is converted into vapour more 
rapidly than the first, owing to its greater heat. This allows 
the next subjacent stratum, which is much hotter, to rise and 
flash into a gaseous form, and this process goes on till the 
ebullition has descended from the middle to near the bottom 
of the funnehf 

♦ See Mr. Horner’s Anniversary Ad- Pharmacie, tran.'ilated in ‘Reports and 
dress, Quart. Journ. Geol. Soc. 1847, liii. Memoirs ’ of Cavendish Soc. London, 

t Liebig’s Annalen der Ohimie und 1848, p. 851. 
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Dr. lyndaU bas prodaoed a most perfect artifioial repre- 
sentation of this process by beating from below a tnbe of 
^vanised iron filled with water, the month of the tube 
being made to pass upwards into a basin. As soon as the 
water becomes heated near enongh to the boiling point it is 
ejected into the atmosphere, and this continues regularly at 
intervals of five minutes, the supply being kept up as in the 
real Gteyser by the falling back of the cooled water into the 
tube. By stopping the mouth of the tube with a cork, and 
thus causing the heat to accumulate more rapidly, he was 
able to hasten the eruptions in the same manner as the 
Strokkur Geyser, in Iceland (see p. 218), is made to explode 
by stopping its mouth with clods of earth. This beautiful 
illustration of Bunsen’s theory ‘ proves experimentally,’ says 
Dr. Tyndall, ‘that the Geyser tube itself is the sufficient cause 
of the eruptions, and we are relieved from the necessity of 
imagining underground caverns filled with water and steam, 
which were formerly regarded as necessary to the production 
of these wonderful phenomena.’ * 

Expansive power of liquid gases . — Although aqueous vapour 
or steam forms a principal part of the aeriform fluids which 
rush out for days, months, or even years continuously from 
volcanic vents, there are other gases, such as the carbonic, 
sulphurous, and hydrochlorous acids, which are also present, 
and sometimes in great volume. The experiments of Faraday 
and others have shown that all these gases may be condensed 
into liquids by pressure. At temperatures of from 30® to 50° 
Fahr. the pressure required for this purpose varies from 15 
to 50 atmospheres; and this amount of pressure we may 
regard as very insignificant in the operations of nature. A 
column of Vesuvian lava that would reach from the lip of 
the crater to the level of the sea, must be equal to about 
800 atmospheres ; so that, at depths which may be termed 
moderate in the interior of the crust of»the earth, the gases 
may be condensed into liquids, even at very high tempera- 
tures. The method employed to reduce sojne of these gases 
to a liquid state is, to confine the materials, from the mutual 
action of which they are evolved, in tubes hermetically sealed, 

* Tyndall : Heat as a Mode of Motion. 1803, p. 120. 
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«o that the accumtilated presstire of the vapour, as it rises 
and expands, may force some part of it to assume the liquid 
state. A similar process may, and indeed must, frequently 
take place in subterranean caverns and fissures, or even in 
the pores and cells of many rocks ; by which means, a much 
greater store of expansive power may be packed into a small 
space than could happen if these vapours hod not the pro- 
perty of becoming liquid. For, although the gas occupies 
much less room in a liquid state, yet it exerts exactly the 
same pressure upon the sides of the containing cavity as if it 
remained in the form of vapour. 

If a tube, whether of glass or other materials, filled with 
condensed gas, have its temperature slightly raised, it will 
often burst; for a slight increment of heat causes the 
elasticity of the gas to increase in a very high ratio. If a 
minute hole be bored in the tube, the liquid gas will become 
instantly aeriform, or, in the language of some writers, it 
flashes into vapour, and in rushing out often bursts the 
vessel. We have only to suppose certain rocks, permeated by 
these liquid gases (as porous strata are sometimes filled with 
water), to have their temperature raised some hundred 
degrees, and we obtain a power capable of lifting superin- 
cumbent masses of almost any conceivable thickness ; while, 
if the depth at which the gas is confined be great, there is 
no reason to suppose that any other appearances would be 
witnessed by the inhabitants at the surface than vibratory 
movements and rents, since the gases, in making their way 
through fissured rocks or soft yielding strata, may be cooled 
and absorbed by water. For water has a strong afiinity for 
several of the gases, and will absorb large quantities, with a 
veiy slight increase of volume. In such cases there may be 
no outburst at the surface, nor any obvious indication of 
subterranean change. The temperature, perhaps, or volume 
of springs may be augmented, and their mineral proper- 
ties altered, but no volcanic explosion may be witnessed. 
Whether a permanent change of level may be expected to 
occur as a consequence or accompaniment of such gene- 
ration and heating of gases in the interior of the earth^s 
crust, will be considered in the sequel. 

The volcano of Cotopaxi has been known to throw out, to 
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iho distance of 8 or 9 miles, a mass of rode alK>at 100 cubic 
yards in Tolnme, and there is no difficulty in nnderstanding 
how the most solid substances which oppose ihe upward 
passage ‘of the exploding gases may be reduced to small 
fragments, or even to dust, such as we see hurled to the 
height of many miles into the air by the volcano. In such 
cases we may suppose a continuous column of liquid lava 
mixed with red-hot or white-hot water (for water may exist in 
that state, as Professor Bunsen reminds us, under pressure), 
and this column may have a temperature regularly increasing 
downwards. A disturbance of equilibrium may first bring on 
an eruption near the surface, by the expansion and conver- 
sion into gas of entangled water and other constituents of 
what we call lava, so as to occasion a diminution of pressure. 
More steam would then be liberated, carrying up with it jets 
of melted rock, which being hurled up into the air may fall in 
showers of ashes on the surrounding country, and at length, 
by the arrival of lava and wafer more and more heated at the 
orifice of the duct or the crater of the volcano, expansive 
power may be acquired sufficient to expel a massive current 
of lava. After the eruption has ceased, a period of tranquil- 
lity succeeds, during which fresh accessions of heat are con- 
municated from below, and additional masses of rock fused 
by degrees. At length the conditions required for a new 
outburst are obtained, and another cycle of similar changes 
is renewed. 

Mr. Scrope suggested, so long ago as 1825,* that liquid 
lava owed its mobility not so much to simple heat as to the 
interstitial water contained in the crystalline or semi- 
crystalline matter of the lava, and that the crystals obser- 
vable in lava, after cooling and hardening, existed there in a 
more or less complete form previously to emission. This 
theory, founded on the texture of the lava observed by 
Mr. Scrope from the eruption of Vesuvius in 1822, although 
much questioned, and even ridiculed,* at the time, has 
now been accepted by a large number of geologists, and 
has derived much support from Scheerer’s analysis of 
granite, by which he has proved that water is combined 

* Volcancw, Ist ed., p. 22. 
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idietifticttUy wiiih ilie ciystallme mtt^tar of that took ia {«o« 
pOir^caui Bometimes amoimiting eren to ten per cent. ; and 
aW that the different component minerals of this and some 
other plntonic rocks have become solid one after the other, 

Accets of water to volccmic foci . — In former editions, I sug- 
gested that if the accumulation of heat be granted as snc- 
cesively developed in different parts of the earth’s shell, we 
may readily conceive that the waters of lakes and seas might 
gain access to the fluid lava during earthquakes, large bodies 
of water being occasionally engulphed, and then, when the 
sides of the fissures closed again with violence (see page 125), 
the steam generated by contact of the water with the heated 
subterranean fluid might nof escape by the same rents, but 
might rush out with lava from some distinct and perhaps 
habitual volcanic openings. 

Mr. Scrope, in the preface to the last edition of his ‘ Vol- 
canos ’ (1871), has objected that the opening of rents by earth- 
quakes and the possible access thereby obtained by bodies of 
salt or fresh water to subterranean masses of lava would be 
the effect rather than the cause of volcanic action. I admit 
there is much force in this argument, for I never considered 
such sudden contact of water to be the primary cause of the 
volcano. But, nevertheless, I still think that there may be an 
intimate connection between an abundance of active volcanic 
vents and the proximity of seas and lakes. When a combi- 
nation of heat and compressed gases, such as we have above 
assumed (p. 224), bas given rise to earthquakes, and rent and 
dislocated the superficial crust, the occasional engulphment 
of overlying bodies of salt and fresh water may greatly add 
to the violence and frequency of the explosions. 

The experiments and observations of the most eminent 
chemists have gradually removed, one after another, the 
objections which were first offered to the doctrine that the 
salt water of the sea plays a leading part in most volcanic 
eruptions. Sir H. Davy observed that the fumes which 
escaped from the Vesuvian lava deposited common salt.* 
M. Gay-Lussac, although he avowed his opinion that the 
decomposition of water contributed largely to volcanic action, 
* Davy, Phil. Trans. 1828, p. 244. 
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called attention, nerertheless, to the eup{K>eed &ct, that 
hydrogen had not been detected in a aeparate form among 
the gaseous products of rolcanos ; nor could it, he said, be 
present ; for, in that case, it would be seen inflamed in the 
air by the red-hot stones thrown out during an eruption.^ 
But M. Abich remarked, on the other hand, ‘ that al^ough 
it be true that vapour illuminated by incandescent lava has 
often been mistaken for flame,* yet he had clearly detected 
the flame of hydrogen in the eruption of Vesuvius in 18844 
In the memoir above alluded to, M, Gay-Lussac expressed 
doubt as to the presence of sulphurous acid ; but the abun- 
dant disengagement of this gas during eruptions has been 
since ascertained : and thus all difficulty in regard to the 
general absence of hydrogen iii an inflammable state is 
removed; for, as Dr. Daubeny suggests, the hydrogen of 
decomposed water may unite with sulphur to form sulphu- 
retted hydrogen gas, and this gas will then be mingled with 
the sulphurous acid as it rises to the crater. It is shown 
by experiment, that these gases mutually decompose each 
other when mixed where steam is present ; the hydrogen of 
the one immediately uniting with the oxygen of the other 
to form water, while the excess of sulphurous acid alone 
escapes into the atmosphere. Sulphur is at the same time 
precipitated. 

This explanation is sufficient ; but it may also be observed 
that the flame of hydrogen would rarely be visible during an 
eruption ; as that gas, when inflamed in a pure state, burns, 
with a very faint blue flame, which even in the night could 
hardly be perceptible by the side of red-hot and incandes- 
cent cinders. Its immediate combination with oxygen to 
form water when inflamed in the atmosphere, might also 
account for its not appearing in a separate form. 

The observations of Bunsen in Iceland in 1844, of St. 
Claire Deville on Vesuvius in 1855 an^ 1861, and of Fouqu4 
on Santoiin in 1866, have proved that there is an abundant 
escape of hydrogen, both in a free state and in combination 
with other substances, during eruptions ; and the two last- 

• Ann. de Chim. et de Phys. tom. xxii. 
t Ph^nom. G4oI. &c. p. 3. 
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aaeatkmed dbemists hare racoeeded in demomtraiing the 
poffect accordance of the chemical composition of the pro* 
dncts of Tolcanic emptious, both gaseous and solid, with the 
doctrine that salt water has been largely present in the vol- 
canic foci. It had been asked why then are there no salts of 
magnesia in volcanic fomeroles P They reply that these salts 
are readily decomposable by hot steam, and that when water 
and heat are present they produce hydrochloric acid and 
magnesia. That acid is found in the vapours which are 
disengaged from red-hot lava, and the magnesia which is 
not volatile is left behind in the lava itself, constituting one 
of its most important elements.* In like manner, the last- 
mentioned French chemists have shown that common salt 
can be resolved into its elements by hot steam alone, which 
Gay-Lussac had thought impossible. 

M. Fouqu4 affirms that in the eruption of Etna which 
he witnessed in 1865, the gaseous emanations agreed in 
kind with those w;hich we might have looked for if large 
bodies of sea-water had gained access to reservoirs of sub- 
terranean lava, and if they had been decomposed and ex- 
pelled with the lava ; and more than this, he calculated that 
the quantity of aqueous vapour was relatively to other gases 
in due proportion — that there was a daily emission from 
the several vents which were open on Etna, of no less than 
22,000 cubic metres of aqueous vapour. 

The presence of nitrogen among the gases evolved from 
craters in eruption, and in the waters of thermal springs, has 
been another subject of enquiry and discussion. Sir H. 
Davy, in his memoir on the ‘ Phenomena of Volcanos,’ re- 
marks, that there was every reason to suppose in Vesuvius 
the existence of a descending current of air ; and he imagined 
that subterranean cavities which threw out large volumes of 
steam during the eruption, might afterwards, in the quiet 
state of the volcano, become filled with atmospheric air.f 
The presence of ammoniacal salts in volcanic emanations, 
and of ammonia (which is in part composed of nitrogen) in 

* Fouqui, Bapport snr les Fhinomines Chimiqnes. Eruption of Etna in 1865, 
p. 67. 

t Phil. Trans. 1828. 
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laT% &TODrB greatly tiie notion of air aa well as water being 
deprived of its osygen in the interior of the earth. Dr. 
Danbeny sn^ests that water containing atmospheric air 
may descend from the surface of the earth to the Tolcanio 
foci, and that the same process of combustion by which 
water is decomposed may deprive such subterranean air of its 
oxygen. In this manner great quantities of nitrogen may 
be evolved. The presence of vast numbers of siliceous cases 
of infusoria in the tuff covering Pompeii, and composed of 
matter ejected from Vesuvius, has already been alluded to. 
(Vol. I. p. 645.) They prove that water and mud have pene- 
trated downwards from the surface into rents and caverns in 
the interior, and have then been thrown out again during 
volcanic eruptions. 

Chemical action . — When Sir H. Davy first discovered the 
metallic bases of the earths and alkalies, he threw out the 
idea that stores of those metals might abound in an unozi- 
dised state in the subterranean regfions to which water must 
occasionally penetrate. Whenever this happened, gaseous 
matter would be set free, the metals would combine with the 
oxygen of the water, and sufficient heat might be evolved to 
melt the surrounding rocks. This hypothesis was at first 
very favourably received both by the chemist and the geolo- 
gist; for silica, alumina, lime, soda, and oxide of iron — 
substances of which lavas are principally composed — would 
all result from the contact of the elements above alluded to 
with water. But when Davy failed to detect, during an 
eruption of Vesuvius, any hydrogen among the gaseous pro- 
ducts evolved from the crater, he was disposed to renounce 
or to attach but little importance to his theory. 

We have seen (p. 227) that it is now ascertained that 
hydrogen is disengaged during eruptions in large quantities, 
although, according to M. Fouqu4, there are always some 
hydrocarbons mixed with the free hydrogen.'*^ The same 
chemist remarks, that to explain the disengagement of heat 
during the last eruption of Etna, we should require a mass 
of sodium of at least 7,000,000 cubic metres, and therefore 

* Fooqni, Bapport sor le« Fhinomines Chimiques de I’^rnptlon de I'Etna •& 
186 d, p. 80 . 
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of alkaline meialB 'beaeatb all the active vdU 
euioa, which have given rise to each in a long series iji 
ernptions, wonld be incredibly great. M. Fonqn^ is satis- 
fied with the hypothesis of a subterranean sheet of finid lava, 
to which water occasionally may gain access, central heat 
being invoked as the power by which the lower parts of the 
earth’s crust are retained in a melted state, and no explana- 
tion being attempted by him of the shifting of the volcanic 
force from one part of the earth’s envelope to another. 

What we have now said of the manner in which aqueous 
and other gases may be expected to operate mechanically and 
chemically on the crust of the earth, whenever water and 
various acids, stored up in caverns and fissures at great 
depths, have their temperatures raised, must satisfy the 
reader that it is only necessary, in order to explain the action 
of volcanos, to discover some cause which is capable of 
bringing about such a concentration of heat as may melt, 
one after the other, certain portions of the solid crust so as 
to form seas, lakes, or oceans of subterranean lava. This being 
granted, the greater part of the crust at any given time will 
contain at various depths sheets of such lava slowly parting 
with their heat, some semi-fluid, others more or less viscous, 
and others beginning to consolidate or crystallise. The 
general state, therefore, of the exterior of the planet would 
be that of a mass once heated, and which has been gradually 
cooling ; but in certain spots, namely, the regions of active 
volcanos, regions very limited and exceptional as regards the 
whole surface, the heat will be sustained near the surface, 
and will occasionally manifest its intensity in the operations 
of the volcano and the earthquake. 

Mr. Sorope remarks that the absence of volcanic vents in 
the interior of continents ‘ would result from the generally 
admitted fact that the continental tracts have been elevated 
above the sea-level by internal expansions of deeply-seated 
matter which could not force its way outwards ; or where, in 
the words of Mr. Mallet, uncompleted efforts to establish a 
volcano have occurred.’* He considers that there is no proof 
of any general fluidity of the central nucleus, and that we 
* Volcanos; Preface, p. 8. 1872. 
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cftimot safely speonlate on tlie existence in the orost of 
the globe of moare than pockets or local seas and lakes of 
melted matter. Withoat pretending to explain in what 
manner the heated steam may generally gain aeoess to such 
lam, or how in the coarse of geological ages it has shifted 
its principal points of concentration, he remarks that the 
very different powers of conducting heat in the inctunbent 
rocks must in the course of time cause some of these lavas 
to part with more heat than others, so that the state of the 
interior cannot remain constantly the same. 

Mr. Babbage in 1834, and Sir J. Herschel independently 
in the same year,* suggested that differences of temperature 
in the earth’s crust analogous to those above mentioned 
might be brought about by denudation removing large 
masses of matter from one part of the crust of the globe, 
and depositing them in some other region, often far distant, 
on the floor of the ocean. By this transfer the outward 
escape of heat would be facilitated in one place where the 
denuded crust had become thinner, and checked in another 
where the deposition of new matter had added to its thick- 
ness, the planes of the subterranean isothermals or surfaces 
of equal temperature being thus made to vary. During such 
changes it is suggested by Mr. Scrope that the direction of 
the internal heat would be altered, and might sometimes flow 
laterally towards those avenues for its outward escape which 
are from time to time afforded by volcanic fissures and earth- 
quake disturbances. 

That beneath the Andes and other great areas of active 
volcanos there are reservoirs, at the depth of some miles, 
of lava in a constant state of fusion, cannot be doubted.from 
what we have already stated (pp. 90 and 202 ). All the observed 
phenomena from which the existence of central fluidity ha» 
been inferred are reconcilable with the occurrence at certain 
depths of such masses of lava in the earth’s crust as we 
have admitted to be probable, and which,, even if they 
equalled fhe Atlantic and Pacific Oceans in volume, may 
hold a very subordinate place in the solid shell of the planet. 


* Froc. GeoL Soc^ Vol. U-vP- 76-and p. 650. 
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ICIie connection of earthqnakes with a flexible crnet overlying 
eneh reservoirs of melted rock is quite conceivable. 

MmibUity of the earth* a cruet — The inhabitants of Strom- 
boli, who are mostly fishermen, are said to make use of that 
volcano as a weather-glass, the eruptions being comparatively 
feeble when the sky is serene, but increasing in turbulence 
during tempestuous weather, so that in winter the island 
often seems to shake from its foundations. Mr. P. Scrope, 
after calling attention to these and other analogous facts, 
first started the idea (as long ago as the year 1825) that the 
diminished pressure of the atmosphere, the concomitant of 
stormy weather, may modify the intensity of the volcanic 
action. He suggests that where liquid lava communicates 
with the surface, as in the crater of Stromboli, it may rise 
or fall in the vent on the same principle as mercury in a 
barometer ; because the ebullition or expansive power of the 
steam contained in the lava would be checked by every 
increase, and augmented by every diminution of weight. 
In like manner, if a bed of liquid lava be confined at an 
immense depth below the surface, its expansive force may be 
counteracted partly by the weight of the incumbent rocks, 
and also in part by atmospheric pressure acting contem- 
poraneously on a vast superficial area. In that case, if the 
upheaving force increase gradually in energy, it will at 
length be restrained by only the slightest degree of supe- 
riority in the antagonist or repressive power, and then the 
equilibrium may be suddenly destroyed by any cause, such as 
an ascending draught of air, which is capable of depressing 
the barometer. In this manner we may account for the 
remarkable coincidence so frequently observed between the 
state of the weather and subterranean commotions, although 
it must be admitted that earthquakes and volcanic eruptions 
react in their turn upon the atmosphere, so that disturbances 
of the latter are generally the consequences rather than the 
forerunners of volcanic disturbances.* 

From an elaborate catalogue of the earthquakes experienced 
in Europe and Syria during the last fifteen centuries, M. 


* Scrope on Volcanos, pp. 58-60. 
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Akzia Peney oonclodes that tiie number whiob happen in 
the winter season preponderate over those which ooonr in 
any one of the other , seasons of the year, there being, how- 
ever, some exceptions to this rule, as in the Pyrenees. 
Curious and valuable as are these data, M. d’Archiac justly 
remarked, in commenting upon them, that they are not as yet 
sufficiently extensive or accordant in different regions, to 
entitle us to deduce any general conclusions from them 
respecting the laws of subterranean movements throughout 
the globe.* 

M. Perrey has also, in a later report of earthquakes (1868), 
inferred, as the result of 10,000 observations on the earth- 
quakes of the first half of the present century, that they 
occur more frequently and with more violence when the 
moon is in perigee, or nearest the earth, than at other periods, 
when that satellite being less near is exerting a minor degree 
of force, or less strain upon the solid crust of our planet. In 
like manner he thinks he has detected a relation between the 
frequency of earthquakes and our winter and summer solstices, 
the greatest number of shocks occurring in perihelion when 
the sun is nearest, and the least number in aphelion when 
it is farthest from the earth.f On this subject Sir John 
Herschel remarks, ‘ The action of the sun and moon, though 
it cannot produce a tide in the solid crust of the earth, tends 
to do so, and were it fluid would produce it. It does there- 
fore, in point of fact, bring the solid portions of the earth’s 
surface into a state alternately of strain and compression.’ J 

Electricity and magnetism considered as sources of volcanic 
heat. — The popular notion of a central fluid nucleus, on which 
a thin outer shell is floating, has diverted the speculations 
of the physicist and natural philosopher from attempting 
to invent some theory which might explain the continual 
shifting of the points of the chief development of heat from 
one part of the shell to another, leaving large portions 
previously in a state of fusion to cool and consolidate. 
Soon after the first great discoveries of Oersted in electro> 

* D’Archiac, Hist, des Progris de la G6ol. 1847, vol. i. pp. 606-610, 

t Alexis Perrey, Propositions sur les t Herschel, Familiar Lectors on 
Tremblements de Terre, 1868. Scientific Subjects, 1866, p, 46. 
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UAgneiasin* Amp^e suggested tbat alliiie phenomena ot the 
magnetic needle might be e^^lained bj supposing, onrrents 
of electricity to circulate constantly in the shell of the globe 
in directions parallel to the magnetic equator. This 
theory has acquired additional consistency the farther we 
have advanced in science; and according to the experiments of 
Mr. Fox, on the electro-magnetic properties of metalliferous 
veins, some trace of electric currents seems to have been 
detected in the interior of the earth.* 

Some philosophers ascribe these currents to the chemical 
action going on in the superficial parts of the globe to which 
air and water have the readiest access; while others refer 
them, in part at least, to thermo-electricity excited by the 
solar rays on the surface of the earth during its rotation ; 
successive parts of the atmosphere, land, and sea being ex- 
posed to the influence of the sun, and then cooled again in 
the night. That this idea is not a mere speculation, is 
proved by the correspondence of the diurnal variations of 
the magnet with the apparent motion of the sun ; and by 
the greater amount of variation in summer than in winter, 
and during the day than in the night. 

Recent discoveries of a connection between periodical 
changes in the spots of the sun and variations in terrestrial 
magnetism, have suggested the idea that solar magnetism 
has a powerful influence on the earth’s crust. According to 
Sir John Herschel, the cycle of change, including the periods 
when the spots are most abundant and large, and those when 
they are least apparent, occupies rather more than 11 years, 
so that there are 9 of these cycles in a century. So late as 
September 1, 1869, when the spots were very large, ‘ two ob- 
servers, far apart and unknown to each other, were viewing 
them with powerful telescopes, when suddenly, at the same 
moment of time, both saw a strikingly brilliant luminous ap- 
pearance, like a cloud of light, far brighter than the general 
surface of the sun, break out in the immediate neighbourhood 
of one of the spots, and sweep across and beside it. It 
occupied about five minutes in its passage, and in that time 
travelled over a space on the sun’s surface which could not 
* Phil. Trans. 1880, p. .899. 
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be estimated at less than 83,000 miles. X mimetic storm 
was in progress at tiie time. From Angost 28 to September 4 
many indications showed the earth to have been in a perfect 
convulsion of dectro-magnetism.’ 

At Kew, where there are self-registering magnetic instra- 
ments, by which the positions of three magnetic needles are 
recorded by photography, it was found that all three had 
made a strongly marked jerk from their former positions 
at the very moment when the bright light had been seen 
crossing the solar spot. It would appear that the magnetic 
influence had reached the earth at the same time with the 
light. 

‘ By degrees, accounts began to pour in of great Auroras 
seen on the nights of those days, not only in these latitudes, 
but at Borne, in the West Indies, on the tropics within 18® 
of the equator (where they hardly ever appear), nay, what is 
still more striking, in South America and in Australia, where, 
at Melbourne, on the night of the 2nd of September, the 
greatest Aurora ever seen there made its appearance. These 
Auroras were accompanied by unusually great electro- 
magnetic disturbances in every part of the world. In many 
places the telegraphic wires struck work. At Washington 
and Philadelphia, in America, the telegraph signal-men 
received severe electric shocks. At a station in Norway the 
telegraphic apparatus was set fire to; and at Boston, in 
North America, a flame of fire followed the pen of Bain’s 
electric telegraph, which writes down the message upon 
chemically prepared paper.’* 

The passage of this electro-magnetic force from the sun to 
our globe may, perhaps, be one of the principal means by 
which heat lost by radiation into space may be restored to 
the planet ; and we may easily imagine that at successive 
geological periods, when new mountain chains have been 
thrown up and old ones have been removed by subsidence or 
denudation, when even oceans and continents have changed 
places, the circulation of electro-magnetic currents and the 
local concentration of heat due to them may affect new parts 
of the exterior of the planet. It is scarcely possible to exag- 
♦ Herschel) Familiar Lectures on Scientific Subjects, 18fi6, p* 80. 
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ganito tlie amount of action and reaction to which the cause 
here alluded to may give rise. * The silent and slow operation 
of electricitj as a chemical agent is more important,’ says 
Davy, * in the economy of nature than its grand and impressive 
operation in lightning and thunder. It may be considered, 
not only as directly producing an infinite variety of changes, 
but as influencing almost all which take place; it would 
seem, indeed, that chemical attraction itself is only a peculiar 
form of the exhibition of electrical attraction.’* 

Thermo-electricity may be generated by great inequalities 
of temperature, arising from a partial distribution of volcanic 
heat. Wherever, for example, masses of rock occur of great 
horizontal extent, and of considerable depth, which are at 
one point in a state of fusion (as beneath some active volcano) ; 
at another, red-hot; and at a third, comparatively cold — 
strong thermo-electric action may be excited, and subterra- 
nean electric currents, if once excited, may melt rock or 
possess the decomposing power of the voltaic pile. 

But the difficulties we encounter when we attempt to form 
a chemical theory of volcanos, are almost insurmountable, in 
consequence of our inability to test experimentally the mode 
in which different substances, solid, fluid, or gaseous, would 
behave under conditions of pressure and temperature wholly 
different from those experienced at the surface. A simple 
difference in the amount of heat may cause all the chemical 
affinities of bodies to be essentially modified. Mercury does 
not combine with oxygen at ordinary temperatures, but com- 
bines with it at its boiling point, and then gives it off again 
at an incipient red heat. Here we have three different states 
of chemical affinity, within the limits of a few hundred 
degrees ; and who would dare assert, that at this last phase 
of separation, the chemical action between these two elements 
ceases definitely and for all higher temperatures ? But what 
is true of mercury and oxygen, is likewise true mutatis 
muiandie for all other elements. 

That there should be so much heat and chemical action 
and reaction, developed in certain parts of the interior of the 


♦ CasBolatioDS in Travel, p. 271. 
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earth, is not 80 vooderfol as tke ordinary repose vad inerta&ess 
of the internal mass. When we consider the combnstilde 
nature of the elements of the earth, so far as thej are known 
to ns — ^the facility with which their compounds may he de- 
composed and made to enter into new combinations — the 
quantity of heat which they evolve during these processes ; 
when we recollect the expansive power of steam, and call to 
mind the number of explosive and detonating compounds 
which have been already discovered, we may be allowed to 
share the astonishment of Pliny, that a single day should pass 
without a general conflagration : — ‘ Excedit profectii omnia 
miracula, ullum diem fuisse quo non cuncta conflagrarent.’ * 

Causes of permanent elevation and subsidence of land . — The 
position of the fossiliferous and other rocks in the earth’s 
crust has enabled the geologist to infer that some of these 
rocks have been lifted up to the height of several miles above 
the level at which they were originally formed in the bed of 
the ocean, and also that there have been gradual subsidences 
of rocks to a vast amount below the levels which they once 
occupied. These great movements have been caused by 
subterranean or volcanic heat, which has affected different 
parts of the earth in succession. The existing mountain 
chains are of different ages, and few of them owe the whole 
of their present conformation to the movements experienced 
in a single epoch. The forces, whether in an upward or 
downward direction, to which they are due, and by which the 
varying position of continents and oceanic basins has in the 
course of ages been determined, have evidently shifted their 
points of chief development from one region to another, like 
the volcano and the earthquake, and are in fact all the 
results of the same internal operations, to which heat, 
electricity, magnetism, and chemical affiniiy give rise. 

Experiments were made in America, by Colonel Totten, to 
ascertain the ratio according to whioh some of the stones 
commonly used in architecture expand with given increments 
of heatf It was found impossible, in a country where the 

♦ Hist Mnndi, lib. ii. c. 107. 

t Silliman^s American Joom. voL results to the theory of earthquakes wae 
xxii. p. 186. The application of these first suggested to me by Mr. Babbage* 
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anaitai vamtion of temperatoire was more than 90° Falir., to 
malce a coping of stones, 5 feet in length, in which the 
joints should fit so tightly as not to admit water between the 
stone and the cement ; the annual contraction and expansion 
of the stones causing, at the junctions, small crevices, the 
width of which varied with the nature of the rock. It was 
ascertained that fine-grained granite expanded with 1° Fahr. 
at the rate of ’000004826 ; white crystalline marble '000005668; 
and red sandstone *000009532, or about twice as much as 
granite. 

Now, according to this law of expansion, a mass of sand- 
stone, a mile in thickness, which should have its temperature 
raised 200° Fahr. would lift a superimposed layer of rock to 
the height of 10 feet above its former level. But, suppose a 
part of the earth’s crust, 60 miles in thickness and equally 
expansible, to have its temperature raised 600° or 800°, this 
might produce an elevation of between 1,000 and 1,500 feet. 
The cooling of the same mass might afterwards cause the 
overlying rocks to sink down again and resume their original 
position. By such agency we might explain the gradual rise 
of part of Scandinavia or the subsidence of Greenland. 

It is also possible that as the clay in Wedgwood’s pyro- 
meter contracts, by giving off its water, and then, by inci- 
pient vitrification ; so, large masses of argillaceous strata in 
the earth’s interior may shrink, when subjected to heat and 
chemical changes, and allow the incumbent rocks to subside 
gradually. 

Moreover, if we suppose that lava cooling slowly at great 
depths may be converted into various granite rocks, we 
obtain another source of depression ; for, according to the 
experiments of Deville and the calculations of Bischoff, the 
contraction of granite when passing from a melted or plastic 
to a solid and crystalline state must be more than 10 per 
cent.* — though Mr. David Forbes is of opinion from experi- 
ments made by him on a larger scale that this percentage is 
too high.t 

Dr. Bischoff has also remarked, that when silicates, 

* Bttlletin de la Skie. 0^1. 2nd series, rol. iy. p. 1312. 
t Chemical News, Oct. 23, 1868. 
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whidienter 80 largdy into tho eomposition of tho oldest roeki 
— gtieiss, nuf^schist, clay-siate, and others — are pereolatod 
by oarbonic acid gas, which is of almost universai oocoireiice 
at great depths, they must be continually decomposed. When 
that happens, the carbonates formed by the new combinations 
thence arising must often augment the volume of the altered 
rocks. This increase of bulk, he says, must sometimes give 
rise to a mechanical force of expansion capable of uplifting 
" the incumbent crust of the earth, and the same force may act 
laterally, so as to compress, dislocate, and tilt the strata on 
each side of a mass in which the new chemical changes are 
developed. The same eminent German chemist has attempted 
to calculate the exact amount of distention to which the new 
mineral products thus formed may give rise by adding to the 
volume of the rocks. 

If once some parts of the earth’s crust are shattered, as in 
regions of earthquakes, and reservoirs of melted stone and 
heated vapours have acquired force enough to uplift the 
incumbent mass, we may easily conceive how the country 
may remain permanently upheaved. For in some places the 
fractured rocks below may have assumed an arched form, or 
lava may have been driven into fissures, in which it may 
consolidate, and afford an enduring support to the foun- 
dations of the newly raised strata. 

The sudden subsidence of limited areas of land may be 
occasioned by subterranean caverns giving way, when gases 
are condensed, or when they escape through newly-formed 
crevices. The subtraction, moreover, of matter from certain 
parts of the interior, by the flowing of lava, and of mineral 
springs, must, in the course of ages, cause vacuities below, 
so that the undermined surface may at length fall in or be 
slowly depressed. In this manner we may, perhaps, explain 
the geographical connection which seems to exist between 
areas of elevation and of subsidence, a^deep sea being often 
contiguous to elevated land. 

Balance of dry iand, how preserved . — It will appear, from the 
historical details above given, that the force of subterranean 
movement, whether intermittent or continuous, whether with 
or without disturbance, does not operate at random, but is 
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40?#loped in certain regions onlyi and althongh the altera* 
tione produced during the time required for the occurrence 
cf a W Tolcanic eruptions may be inconsiderable, we can 
hardly doubt that, during the ages necessary for the for* 
mation of large volcanic cones, composed of thousands of 
lava currents, shoals might be converted into lofty mountains, 
and low lands into deep seas. 

In a former chapter (Vol. L p. 321), I have stated that 
aqueous and igneous agents may be regarded as antagonist 
forces ; the aqueous labouring incessantly to reduce the in- 
equalities of the earth’s surface to a level, while the igneous 
are equally active in renewing the unevenness of the surface. 
By some geologists it has been thought that the levelling 
power of running water was opposed rather to the elevcding 
force of earthquakes than to their action generally. This 
opinion is, however, untenable ; for the sinking down of the 
bed of the ocean is one of the means by which the gradual 
submersion of land is prevented. The depth of the sea cannot 
be increased at any one point without a universal fall of the 
waters, nor can any partial deposition of sediment occur 
without the displacement of a quantity of water of equal 
volume, which will raise the sea, though in an imperceptible 
degree, even to the antipodes. The preservation, therefore, 
of the dry land may sometimes be effected by the subsidence 
of part of the earth’s crust (that part, namely, which is 
covered by the ocean), and in like manner an upheaving 
movement must often tend to destroy land ; for if it render 
the bed of the sea more shallow, it will displace a certain 
quantity of water, and thus tend to submerge low tracts. 

If the dimensions of the planet have remained uniform 
during the period which we contemplate in geology, it would 
be necessary to suppose that the amount of depression caused 
by subterranean heat must exceed that of elevation, otherwise 
there would not be a perpetual restoration of those inequal- 
ities of the earth’s surface which the levelling power of 
water tends to efface. It would be otherwise if the action of 
volcanos and mineral springs were suspended ; for then the 
forcing outwards of the earth’s envelope ought to be no more 
than equal to its sinking in. 
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To tmderstttiid this proposition more clearly^ it mnst be 
borne in mind, that the deposits of riTera and currents 
probably add as mneh to the height of submerged lands which 
are rising, as they take from those which have risen. Suppose 
a large river to bring down sediment to a part of the ocean 
2,000 feet deep, and that the depth of this part is gradually 
reduced by the accumulation of sediment till only a shosd 
remains, covered by water at high tides ; if now an upheaving 
force should uplift this shoal to the height of 2,000 feet, the 
result would be a mountain 2,000 feet high. But had the 
movement raised the same part of the bottom of the sea 
before the sediment of the river had filled it up ; then, instead 
of changing a shoal into a mountain 2,000 feet high, it would 
only have converted a deep sea into a shoal. 

It appears, then, that the operation of the volcanic or 
subterranean forces is often such as to cause the levelling 
power of water to counteract itself; and, although the idea 
may appear paradoxical, we may be sure, wherever we find 
hills and mountains composed of stratified deposits, that 
such inequalities of the surface would have had no existence 
if water, at some former period, had not been labouring to 
reduce the earth’s surface to one level. 

But, besides the transfer of matter by running water from 
the continents to the ocean, there is a constant transporta- 
tion from below upwards, by mineral springs and volcanic 
vents. As mountain masses are, in the course of ages, 
created by the pouring forth of successive streams of lava, so 
stratified rocks of great extent originate from the deposition 
of carbonate of lime, and other mineral ingredients, with 
which springs are impregnated. The surface of the land, 
and portions of the bottom of the sea, being thus raised, the 
external accessions due to these operations would cause the 
dimensions of the planet to enlarge continually, if the amount 
of depression of the earth’s crust were ne more than equal to 
the elevation. In order, therefore, that the mean diameter 
of the earth should remain uniform, and the unevenness of 
the surface be preserved, it is necessary that the amount of 
subsidence should be in excess. And such a predominance 
of depression is far from improbable, on mechanical prin« 
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since erery npheaiing movement most be expected 
e^tier to produce caverns in ti^e mass below, or to cause some 
diminution of its density. Yacuities must, also, arise from 
tbe subtraction of the matter poured out from volcanos and 
mineral spring, or from the contraction of argillaceous 
masses by subterranean heat ; and the foundations having 
been thus weakened, the earth^s crust, shaken and rent by 
reiterated convulsions, must, in the course of time, fall in. 

It seems, therefore, to be rendered probable, by the views 
above explained, that the constant repair of the land, and the 
subserviency of our planet to the support of terrestrial as 
well as aquatic species, are secured by the elevating and 
depressing power of causes acting in the interior of the 
earth ; which, although so often the source of death and 
terror to the inhabitants of the globe — visiting in succession 
every zone, and filling the earth with monuments of ruin and 
disorder — are nevertheless the agents of a conservative prin- 
ciple above all others essential to the stability of the system. 

Recapitulation of Chapters xxxii, and xxxiii , — I will now 
recapitulate the principal conclusions arrived at in this and 
in the preceding chapter. 

1. The primary causes of the volcano and the earthquake 
are to a great extent the same, and connected with the deve- 
lopment of heat and chemical action at various depths in the 
interior of the globe. 

2. Volcanic heat has been supposed by many to be the 
result of the high temperature which belonged to the whole 
planet when it was in a state of igneous fusion, a temperature 
which they suppose to have been always diminishing and 
still to continue to diminish by radiation into space, but 
recent enquiries have suggested that the apparent loss of heat 
may arise from the successive local development of volcanic 
action, 

3. The spheroidal figure of the earth does not of necessity 
imply a universal and simultaneous fluidity, in the beginning ; 
for whatever may have been the original shape of our plan^, 
the statical figure must have been assumed, if sufficient time 
be allowed, by the gradual operation of the centrifugal force, 
acting on yielding materials brought successively within ita 
action by aqueous and igneous causes. 
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4» The Ittte Mr* Hopkiiui iziferred that the preceseioiial 
motioa of the earth could not be such ae it uow is, uulees the 
eoHd crust was at least from 800 to 1,000 miles thick ; but the 
precessioual movemeut is consistent with the supposition of 
a much greater thickness, and even with the general solidity 
of the entire globe, provided that lakes or oceans of melted 
matter, which may be distributed tlnrough it, are so enclosed 
as to move with the solid portion. 

5. The heat in mines and Artesian wells increases as we 
descend, but not in a uniform ratio, in different regions. If 
the heat were continued downwards at the same rate, it would 
imply such an elevation of temperature in the central nucleus 
as must instantly fuse the crust. 

6. The hypothesis of a central fluid and of a thin solid 
shell resting or floating upon it, is inconsistent with the 
absence of internal tides, such as would make the lava ebb 
and flow in volcanic craters during eruptions. 

7. The hypothesis of a change in the axis of rotation of a 
supposed solid envelope, made to slide over an internal fluid 
nucleus in consequence of the tmnsfer of sediment from higher 
to lower, or from lower to higher, latitudes, is untenable, 
because the excess of matter displaced and carried in one 
direction would be extremely slight, and the oblato-spheroidal 
figure of the earth would render such freedom of motion 
impossible. 

8. Assuming that there were good astronomical grounds 
for inferring the original fluidity of the planet, such pristine 
fluidity need not affect the question of volcanic heat, for the 
volcanic action of successive periods belongs to a state of the 
globe long posterior to its origin, and implies the melting of 
different parts of the solid crust one after the other. 

9. The quantity of lava, fluid at any one time in the earth’s 
crust, although it may be of importance in reference to super- 
ficial changes, such as the formation of mountain chains, or 
lines of volcanic vents, or regions of earthquakes, may still 
be quite insignificant in relation to the size of an external 
shell having a thickness of 60 miles. 

10. The supposed greater energy of the volcanic forces in 
the remoter periods is by no means borne out by geological 
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obaerrations on tbe quantiijr of lava produced single 
eruptions in those several periods. 

11. The old notion that the crystalline rocks, whether 
stratified or unstratified, such as granite and gneiss, were 
produced in the lower parts of the earth’s crust at the expense 
of a central nucleus slowly cooling from a state of fusion by 
heat, has bad to be given up, now that granite is found to be 
of all ages, and now that we know the metamorphic rocks to 
be altered sedimentary deposits implying the denudation of 
a previously solidified crust. 

1 2. The powerful agency of steam or aqueous vapour in 
volcanic eruptions leads us to compare its power of propel- 
ling lava to the surface with that which it exerts in driving 
up water in the pipe of an Icelandic Geyser. Various gases 
also, rendered liquid by pressure at great depths, may aid in 
causing volcanic outbursts, and in Assuring and convulsing 
the rocks duiing earthquakes. 

13. The latest chemical observations on the products of 
recent eruptions, favour the doctrine that large bodies of salt 
water gain access to the volcanic foci. Although this may not 
be the primary cause of volcanic eruptions, which are pro- 
bably due to the aqueous vapour intimately mixed with 
molten rock, yet when once the crust has been shattered, 
and a communication been opened with the surface, the force 
and frequency of eruptions may depend in some measure on 
the proximity of large overlying bodies of water. 

14. The flexibility of certain parts of the earth’s crust, as 
deduced from observations on earthquakes, may imply the 
continuous existence of vast reservoirs of melted matter 
beneath the surface, but such nevertheless as might hold a 
very subordinate place in the earth’s crust. 

16. The existence of electrical currents in the earth’s crust, 
and the changes in direction which they may undergo after 
great geological revolutions in the position of mountain chains 
and of land and sea, the connection also of solar and terres- 
trial magnetism, and of this last with electricity and chemical 
action, may help us to conceive such a cycle of change as may 
restore to the planet the heat supposed to be lost by radiation 
into space. 



cti. xxxm.} BSOAmuLATioir of cbapb. xxm Asoxxxm. 24S 


16. The permanest eleratilon and eabsidenoe of land now 
obseired, and which have been going on thronghout past 
geological ages, may be connected with the expansion and 
contraction of parts of the solid cmst, some of which hare 
been cooling from time to time, while others hare been 
gaining fresh accessions of heat. 

17. In the preservation of the average proportion of land 
and sea, the igneous agents exert a conservative power, re- 
storing the unevenness of the surface, which the levelling 
power of water in motion would tend to destroy. If the 
diameter of the planet remains always the same,* the down- 
ward movements of the crust must be somewhat in excess, to 
counterbalance the effect of volcanos and mineral springs, 
which are always bringing up materials from the interior of 
the earth and pouring them out at the surface, so as to raise 
its level. Subterranean movements, therefore, however de- 
structive they may be during great earthquakes, are essential 
to the well-being of the habitable surface, and even to the 
veiy existence of terrestrial species. 


* See vol. i. p. 304. 
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BOOK ni. 

CItANGES OF THE ORGANIC WORLD NOW IN PROGRESS, 

CHAPTEE XXXrV. 

LAMARCK ON THE TRANSMUTATION OP SPECIES. 

nmftlOW OF THE SUBJECT — EXAMINATION OF THE QUESTION, WHETHBB 
SPECIES HAVE A BEAL EXISTENCE IN NATUBB ? — IMPORTANCE OP THIS QUES- 
TION IN GBOLOGY—- SKETCH OF LAMABCK’s ARGUMENTS IN FAVOUR OF THE 
TRANSMUTATION OF SPECIES, AND HIS CONJECTURES RESPECTING THE ORIGIN 
OF EXISTING ANIMALS AND PLANT8~HI8 THEORY OF THE TRANSFORMATION 
OF THE ORANG-OUTANG INTO THE HUMAN SPECIES. 

Hitheetk) we have been occupied, from Chap. xv. to Chap. 
XXXIII., with the consideration of the changes brought 
about on -the earth’s surface, within the period of human ob- 
servation, T)y inorganic agents ; such, for example, as rivers, 
marine currents, volcanos, and earthquakes. But there is 
another class of phenomena relating to the organic world, 
which have an equal claim on our attention, if we desire to 
obtain possession of all the preparatory knowledge respecting 
the existing course of nature, which may be available in the 
interpretation of geological monuments. It appeared from 
our preliminary sketch of the progress of the science, that 
the most lively interest was excited among its earlier culti- 
vators, by the discovery of the remains of animals and plants 
in the interior of mountains frequently remote from the sea. 
Much controversy arose respecting the nature of these 
remains, the causes which may have brought them into so 
singular a position, and the want of a specific agreement 
between them and known animals and plants. To qualify 
ourselves to form just views on these curious questions, we 
must first study the present condition of the animate creation 
on the globe. 
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This tomhh of om^ enquiry naturally dmdes itself into two 
parts: — 

Firsts we may consider the yarions meanings which have 
been attached to the term * species/ and the question which 
has been raised whether each species has remained from its 
origin the same^ only varying within certain fixed and de- 
fined limits, or whether a species may be indefinitely modified 
in the course of a long series of generations. This will lead 
us to examine into the dependence of each species of animal 
and plant on certain fluctuating and temporary conditions in 
the animate and inanimate world, and the consequent ex« 
tinction of species one after the other, and the manner in 
which the places left vacant may be supplied by new animals 
and plants better fitted for the new conditions. 

Secondly, we may consider the processes by which some 
individuals of certain species may occasionally become fossil, 
or be preserved in such a manner as to form part of the solid 
framework of the earth’s crust, so that they may serve in 
after ages as monuments of the state of the living world at 
the time when they became fossil. 

Before we can advance a step in our enquiry, we must 
endeavour to make up our minds as to the meaning which 
we attach to the term ^ species.’ This is even more necessary 
in geology than in the ordinary studies of the naturalist ; for 
they who contend for the indefinite modifiability of species, 
admit, nevertheless, that a botanist or zoologist may reason 
as if the specific character were constant, because they con- 
fine their observations to a brief period of time. Just as the 
astronomer, in constructing his maps of the heavens, may 
proceed century after century as if the apparent places of the 
fixed stars remained absolutely the same, and as if no altera- 
tion were brought about by the proper motion of the sun ; 
so, it is said, in the organic world, th§ stability of a species 
may be taken as absolute, if we do not extend our views 
beyond the narrow period of human history ; but let a suffi- 
cient number of centuries elapse, to allow of important 
revolutions in climate, physical geography, and other cir- 
cumstances, and the characters, say they, of the descendants 
of common parents may deviate indefinitely from their originsl 
type. 
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’Xam, if tibeie doctrines be tenable, we are atonce presented 
with a principle of incessant dbange in the organic worid; 
and no degree of dissimilaritj in the plants uid animals 
which may formerly have existed, and are found fossil, wonld 
entitle ns to conclude that they may not have been the proto- 
t3rpe8 and progenitors of the species now living. Accordingly 
MM. Lamarck and Geoffkty St. Hilaire declared their opinion 
in the beginning of the present centuiy that there had been 
an uninterrupted succession in the animal kingdom, effected 
by means of generation, from the earliest ages of the world 
up to the present day, and that the ancient animals whose 
remains have been preserved in the strata, however different, 
may nevertheless have been the ancestors of those now in 
being. In order to explain the facts and reasoning by which 
this theory was originally supported, I cannot do better than 
offer the reader a rapid sketch of the proofs which were 
regarded by Lamarck as confirmatory of his views, shared 
as they were to a great extent by his contemporary, Geoffroy 
St. Hilaire.* 

Lamarck's arguments in favcntr of the transmutation of 
species . — The name of ‘ species,’ observes Lamarck, has been 
usually applied to ‘ every collection of similar individuals 
produced by other individuals like themselves.’ t The defini- 


^ I have reprinted in this chapter, 
word for word, my abstract of Lamarck’s 
doctrine of transmutation as drawn up 
by me in 18S2 in the first edition of the 
* Principlefl of Geology,’ vol. ii. chap, i, 
I have thought it right to do this injus- 
tice to Lamarck, in order to show how 
nearly the opinions taught by him at 
the commencement of this century re- 
sembled those now in vogue amongst a 
large body of naturalists respecting the 
indefinite variability of species, and the 
progressive development in past time of 
the organic world. The reader must 
bear in mind that when I made this 
analysis of the ‘Philosophie 25oolo- 
gique,* in 1882, I was altogether op- 
’posed to the doctrine that the animals 
and plants now living were the lineal 
descendants of distinct species only 


known to us in a fossil state : and it 
will be seen, by reference to p. 274, 
that, so far from exaggerating, I did 
not do justice to the arguments origin- 
ally adduced by Lamarck and Geo^oy 
St. Hilaire, especially those founded on 
the occurrence of rudimentary organs. 
There is, therefore, no room for suspi- 
cion that my account of the Lamarckian 
hypothesis, written by me thirty-five 
years ago, derived any colouring from 
my own views tending to bring it more 
into harmony with the theory since 
promulgated by Darwin. The law of 
natural selection, by which the last- 
mentioned great naturalist has thrown 
so much new light on the origin of 
species, will be explained in the next 
and succeeding chapters, 
t Phil. Zool. tom. i. p. 64. 1809, 
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tton, he admita, is oonect $ becatise evety Uvuig indiTidoal 
beats a very near resemblance to those from which it springs. 
But this is not aU which is nsnally implied by the term 
* species ; ’ for the majority of natoralists agree with LinnsBns 
in supposing that all the individuals propagated from one 
stock have certain distinguishing characters in common, 
which will never vary, and which have remained the same . 
since the creation of each species. Lamarck proposed, 
therefore, to amplify the received definition in the following 
manner. ‘A species consists of a collection of individuals 
resembling each other, and reproducing their like by genera- 
tion, so long as the surrounding conditions do not alter to 
such an extent as to cause their habits, characters, and forms 
to vary.* 

In order to show the grounds for this limitation of the 
word ‘species,’ Lamarck entered upon the following line of 
argument : — The more we advance in the knowledge of the 
different organised bodies which cover the surface of the 
globe, the more our embarrassment increases to determine 
what ought to be regarded as a species, and still more how 
to limit and distinguish genera. In proportion as our col- 
lections are enriched, we see almost every void filled up, 
and all our lines of separation effaced ; we are reduced to 
arbitrary determinations, and are sometimes fain to seize 
upon the slight differences of mere varieties, in order to 
form characters for what we choose to call a species ; and 
sometimes we are induced to pronounce individuals but 
slightly differing and which others regard as true species, to 
be varieties. 

The greater the abundance of natural objects assembled 
together, the more do we discover proofs that everything 
passes by insensible shades into something else ; that even 
the more remarkable differences are evanescent, and that 
nature has, for the most part, left us nothing at our disposal 
for establishing distinctions, save trifling, and, in some re- 
spects, puerile peculiarities. 

We find that many genera amongst animals and plants 
are of such an extent, in consequence of the number of 
species referred to them, that the study and determination 
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of these last has become almost impracticable. When the 
speofes are arranged in a series, and placed near to eadi 
other, with dne regard to their natural affinities, they each 
differ in so minute a degree from those next adjoining, that 
they almost melt into each other, and are in a manner con- 
founded together. If we see isolated species, we may presnme 
the absence of some more closely connected, and which have 
not yet been discovered. Already are there genera, and 
even entire orders — nay, whole classes — which present an 
approximation to the state of things here indicated. 

If, when species have been thus placed in a regnlar series, 
we select one, and then, making a leap over several inter- 
mediate ones, we take a second, at some distance from the 
first, these two will, on comparison, be seen to be very dis- 
similar ; and it is in this manner that every naturalist begins 
to study the objects which are at his own door. He then 
finds it an easy task to establish generic and specific distinc- 
tions ; and it is only when his experience is enlarged, and 
when he has made himself master of the intermediate links, 
that his difficulties and ambiguities begin. But while we 
are thus compelled to resort to trifling and minute characters 
in our attempt to separate species, we find a striking disparity 
between individuals which we know to have descended from 
a common stock ; and these newly acquired peculiarities are 
regularly transmitted from one generation to another, consti- 
tuting what are called races. 

From a great number of facts, continues the author, we 
learn that in proportion as the individuals of one of our 
species change their situation, climate, and manner of living, 
they change also, by little and little, the consistence and 
proportions of their parts, their form, their facilities, and 
even their organisation, in such a manner that everything in 
them comes at last to participate in the mutations to which 
they have been exposed. Even in the same climate, a great 
difference of situation and exposure causes individuals to 
vary; but if these individuals continue to live and to be 
reproduced under the same difference of circumstances, 
distinctions are brought about in them which become in 
some degree essential to their existence. In a word, at the 
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et^ of many snooesaiTe genemtioos, these indivkliials, irhioh 
originally bdtmged to another species, axe transformed into 
a new and distinct species.* 

Thus, for example, if the seeds of a grass, or any other 
plant which grows naturally in a moist meadow, be acci- 
dentally transported, first to the slope of some neighbouring 
hill, where the soil, although at a greater elevation, is damp 
enough to allow the plant to live ; and if, after having lived 
there, and having been several times regenerated, it reaches 
by degrees the drier and almost arid soil of a mountain 
declivity, it will then, if it succeeds in growing, and per- 
petuates itself for a series of generations, be so changed that 
botanists who meet with it will regard it as a peculiar 
species.* The unfavourable climate in this case, deficiency 
of nourishment, exposure to the winds, and other causes, 
give rise to a stunted and dwarfish race, with some organ 
more developed than others, and having proportions often 
quite peculiar. 

What nature brings about in a great lapse of time, we 
occasion suddenly by changing the circumstances in which 
a species has been accustomed to live. All are aware that 
vegetables taken from their birth-place, and cultivated in 
gardens, undergo changes which render them no longer 
recognisable as the same plants. Many which were naturally 
hairy become smooth, or nearly so ; a great number of such 
as were creepers and trailed along the ground, rear their 
stalks and grow erect. Others lose their thorns or asperities ; 
others, again, from the ligneous condition which characterised 
their stem in the hot climates, where they were indigenous, 
pass to the herbaceous ; and, among them, some which were 
perennials become mere annuals. So well do botanists know 
the effects of such changes of circumstances, that they are 
averse to describe species from ga^en specimens, unless 
they are sure that they have been cultivated for a very short 
period. 

‘Is not the cultivated wheat’ {Triticum aativvm), asks 
Lamarck, ‘a vegetable brought by man into the state in 
which we now see it P Let anyone tell me in what country 

* FhU. Zool. tom. i. p. 63. 
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a similar plant grows wild, unless where it has escaped from 
cultivated fields ? Wliere do we find in nature our cabbages, 
lettuces, and other culinary vegetables, in the state in which 
they appear in our gardens ? Is it not the same in regard 
to a great number of animals which domesticity has changed 
or considerably modified?^* Our domestic fowls and 
pigeons are unlike any wild birds. Our domestic ducks and 
geese have lost the faculty of raising themselves into the 
higher regions of the air, and crossing extensive countries in 
their flight, like the wild ducks and wild geese from which 
they were originally derived. A bird which we breed in a 
cage cannot, when restored to liberty, fly like others of the 
same species which have been always free. This small 
alteration of circumstances, however, has only diminished 
the power of flight, without modifying the form of any part 
of the wings. But when individuals of the same race are 
retained in captivity during a considerable length of time, 
the form even of their parts is gradually made to difier, 
especially if climate, nourishment and other circumstances 
be also altered. 

The numerous races of dogs which we have produced by 
domesticity are nowhere to be found in a wild state. In 
nature we should seek in vain for mastiffs, harriers, spaniels, 
greyhounds, and other races, between which the differences 
are sometimes so great that the}^ would be readily admitted 
as specific between wild animals ; ‘ yet all these have sprung 
originally from a single race, at first approaching very near 
to a wolf, if, indeed, the wolf be not the true type which at 
some period or other was domesticated by man.’ 

Although important changes in the nature of the places 
which they inhabit modify the organisation of animals as 
well as vegetables ; yet the former, says Lamarck, require 
more time to complete a considerable degree of transmu- 
tation ; and, consequently, we are less sensible of such 
occurrences. Next to a diversity of the medium in which 
animals or plants may live, the circumstances which have 
most influence in modifying their organs are differences in 
exposure, climate, the nature of the soil, and other local 
* Phil. Zool. tom. i. p. 227. 



Ch. XXXIV.] 


CAUSED BY DOMESTICA'tlON. 


258 


particulars. These circumstances are as varied as are the 
characters of the species, and, like them, pass by insensible 
shades into each other, there being every intermediate gra- 
dation between the opposite extremes. But each locality 
remains for a very long time the same, and is altered so 
slowly that we can only become conscious of the reality of 
the change by consulting geological monuments, by which 
we learn that the order of things which now reigns in each 
place has not always prevailed, and by inference anticipate 
that it will not always continue the same.* 

Every considerable alteration in the local circumstances in 
which each race of animals exists causes a change in their 
wants, and these new wants excite them to new actions and 
habits. These actions require the more frequent employment 
of some parts before but slightly exercised, and then greater 
development follows as a consequence of their more frequent 
use. Other organs no longer in use are impoverished and 
diminished in size, nay, are sometimes entirely annihilated, 
while in their place new parts are insensibly produced for the 
discharge of new functions.f 

I must here interrupt the author’s argument, by observing, 
that no positive fact is cited to exemplify the substitution of 
some entirely new sense, faculty, or organ, in the room of 
some other suppressed as useless. All the instances adduced 
go only to prove that the dimensions and strength of mem- 
bers and the perfection of certain attributes may, in a long 
succession of generations, be lessened and enfeebled by dis- 
use ; or, on the contrary, be matured and augmented by 
active exertion ; just as we know that the power of scent is 
feeble in the greyhound, while its swiftness of i)ace and its 
acuteness of sight are remarkable — that the harrier and 
stag-hound, on the contrary, are comparatively slow in their 
movements, but excel in the sense of smelling. 

It was necessary to point out to the reader this important 
chasm in the chain of evidence, because he might otherwise 
imagine that I had merely omitted the illustrations for the 
sake of brevity ; but the plain truth is, that there were no 

• Phil. Zool. tom. i, p. 232. 

t Ibid. p. 234. 
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examples to be found; and when Lamarck talked ^of the 
efforts of internal sentiment,* ‘ the influence of subtle fluids/ 
and ‘ acts of organisation,* as causes whereby animals and 
plants acquire new organs, he substituted names for things ; 
and resorted to fictions almost as ideal as the ‘plastic 
virtue * of some geologists of the middle ages. 

It is evident that, if some well authenticated facts could 
have been adduced to establish one complete step in the pro- 
cess of transformation, such as the appearance, in indi- 
viduals descending from a common stock, of a sense or organ 
entirely new, and a complete disappearance of some other 
enjoyed by their progenitors, time alone might then be sup- 
posed sufficient to bring about any amount of metamor- 
phosis.* 

But to proceed with the system : it being taken for granted, 
as an undoubted fact, that a change of external circum- 
stances may cause one organ to become entirely obsolete and 
a new one to be developed, such as never before belonged to 
the species, the following proposition is announced, which, 
however startling it may seem, is logically deduced from the 
assumed premises. It is not the organs, or, in other words, 
the nature and form of the parts of the body of an animal, 
which have given rise to its habits and its particular facul- 
ties ; but, on the contrary, its habits, its manner of living, 
and those of its progenitors, have in the course of time 
determined the form of its body, the number and condition 
of its organs — in short, the faculties which it enjoys. Thus 
otters, beavers, waterfowl, turtles, and frogs were not made 
web-footed in order that they might swim ; but their wants 
having attracted them to the water, in search of prey, they 
stretched out the toes of their feet to strike the water and 
move rapidly along its surface. By the repeated stretching 
of their toes, the skin which united them at the base ac- 
quired a habit of extension, until, in the course of time, the 

♦Note, 1872. This perhaps could of accumulating slight changes continu- 
not be done by Lamarck, nor by any of ally in one direction and for a special 
his 8uccessi>rs, on account of the slow- end ; and it is for want of this that the 
ness of such changes ; but it w'ould theory of Lamarck fell so far short of 
have answered the same purpose if any that of Mr. Darwin, presently to be 
cause or law had been indicated capable described. 
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broad membranes which now connect their extremities were 
formed. 

In like manner, the antelope and the gazelle were not 
endowed with light agile forms, in order that they might 
escape by flight from carnivorous animals ; but having been 
exposed to the danger of being devoured by lions, tigers, and 
other beasts of prey, they were compelled to exert themselves 
in running with great celerity ; a habit which, in the course 
of many generations, gave rise to the peculiar slenderness of 
their legs, and the agility and elegance of their forms. 

The giraffe was not gifted with a long flexible neck be* 
cause it was destined to live in the interior of Africa, where 
the soil was arid and devoid of herbage ; but, being reduced 
by the nature of that country to support itself on the foliage 
of lofty trees, it contracted a habit of stretching itself up 
to reach the high boughs, until its neck became so elongated 
that it could raise its head to the height of 20 feet above the 
ground. 

Another line of argument was then entered upon, in 
further corroboration of the instability of species. In order, 
it was said, that individuals should perpetuate themselves 
unaltered by generation, those belonging to one species 
ought never to ally themselves to those of another ; but 
such sexual unions do take jdace, both among plants and 
animals ; and though the offspring of such irregular connec- 
tions are usually sterile, yet such is not always the case. 
Hybrids have sometimes proved prolific, where the disparity 
between the species was not too great ; and by this means 
alone, says Lamarck, varieties may gradually be created by 
near alliances, which would b^^-come races, and in the coxirse 
of time would constitute what we term species.* 

After explaining his reasons for believing in the soundness 
of the arguments and inferences above set forth, Lamarck 
next proceeded to enquire what were the original types of 
form, organisation, and instinct, from which the diversities 
of character, as now exhibited by animals and plants, were 
derived? We know, said he, that individuals which are 
mere varieties of the same species would, if their pedigree 

* Phil. Zooi. p. 64. 
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cotild be traced back far enough, terminate in a single stock ; 
80 , according to the same train of reasoning, the species of 
a genus, and even the genera of a great family, must have 
had a common point of departure. What, then, was the 
single stem from which so many varieties of form have 
ramified ? Were there many of these, or are we to refer the 
origin of the whole animate creation, as the Egyptian priests 
did that of the universe, to a single egg ? 

In the absence of any positive data for framing a theory 
on so obscure a subject, the following considerations were 
deemed by Lamarck of importance to guide conjecture. 

In the first place, if we examine the whole series of known 
animals, from one extremity to the other, when they are 
arranged in the order of their natural relations, we find that 
we may pass progressively, or at least, with very few inter- 
ruptions, from beings of more simple to those of a more com- 
pound structure ; and, in proportion as the complexity of 
their organisation increases, the number and dignity of their 
faculties increase also. Among plants, a similar approxima- 
tion to a graduated scale of being is apparent. Secondly, it 
appears, from geological observations, that plants and animals 
of more simple organisation existed on the globe before the 
appearance of those of more compound structure, and the 
latter was successfully formed at more modern periods ; each 
new race being more fully developed than the most perfect 
of the preceding era. 

Of the tiuth of the last-mentioned geological theorj^ 
Lamarck seems to have been fully persuaded ; and he also 
shows that he was deeply impressed with a belief prevalent 
amongst the older naturalists, that the primeval ocean in- 
vested the whole planet long after it became the habitation 
of living beings; and thus he was inclined to assert the 
priority of the types of marine animals to those of the 
terrestrial, so as to fancy, for example, that the testacea of 
the ocean existed first, until some of them, by gradual evolu- 
tion, were improved into those inhabiting the land. 

These speculative views had already been, in a great degree, 
anticipated by Demaillet in his Telliamed, and by several other 
writers who preceded Lamarck ; so that the tables were com- 



Ck. xxxivj 


TRANSMUTATION OF SPECIES. 


257 


plefcely turned on the philosophers of antiquity, with whom 
it was a received maxim, that created things were always 
most perfect when they came first from the hands of their 
Maker ; and that there was a tendency to progressive dete- 
rioration in sublunary things when left to themselves — 

omnia fatis 

In pejus ruere, ac retro sublspsa referri. 

So deeply was the faith of the ancient schools of philo- 
sophy imbued with this doctrine, that, to check this 
universal proneness to degeneracy, nothing less than the 
reintervention of the Deity was thought adequate ; and 
it was held, that thereby the order, excellence, and pristine 
energy of the moral and physical world had been repeatedly 
restored. 

But when the possibility of the indefinite modification 
of individuals descending from common parents was once 
assumed, as also the geological inference respecting the 
progressive development of organic life, it was rnitural that 
the ancient dogma should be rejected, or rather reversed, 
and that the most simple and imperfect forms and faculties 
should be conceived to have been the originals whence all 
others were developed. Accordingly, in conformity to these 
views, inert matter was supposed to have been first endowed 
with life ; until, in the course of ages, sensation was super- 
added to mere vitality : sight, hearing, and the other senses 
were afterwards acquired ; then instinct and the mental 
faculties ; until, finally, by virtue of the tendency of things 
to progressive improvement^ the irrational was developed into 
the rational. 

The reader, however, will immediately perceive that when 
all the higher orders of plants and animals were thus sup- 
posed to be comparatively modem, and to have been derived 
in a long series of generations from ^hose of more simple 
conformation, some further hypothesis became indispensable, 
in order to explain why, after an indefinite lapse of ages, 
there were still so many beings of the simplest structure. 
Why have the majority of existing creatures remained 
stationary throughout this long succession of epochs, while 

VOL. il. s 
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others have made such prodigious advances ? Why are there 
such multitudes of infusoria and polyps, or of confervce and 
other cryptogamic plants ? Why, moreover, has the process 
of development acted with such unequal and irregular force 
on those classes of beings which have been greatly perfected, 
so that there are wide chasms in the series ; gaps so enormous, 
that Lamarck fairly admits we can never expect to fill them 
up by future discoveries ? 

The following hypothesis was provided to meet these ob- 
jections. Nature, we are told, is not an intelligence, nor 
the Deity; but a delegated power — a mere instrument — a 
piece of mechanism acting by necessity — an order of things 
constituted by the Supreme Being, and subject to laws which 
are the expressions of His will. This Nature is obliged to 
proceed gradually in all her operations ; she cannot produce 
animals and plants of all classes at once, but must always 
begin by the formation of the most simple kinds, and out of 
them elaborate the more compound, adding to them, succes- 
sively, different systems of organs, and multiplying more and 
more their number and energy. 

This Nature is daily engaged in the formation of the ele- 
mentary rudiments of animal and vegetable existence, which 
correspond to what the ancients termed spontaneous genera- 
tion, She is always beginning anew, day by day, the 
work of creation, by forming monads, or ‘ rough draughts ’ 
(6bauches), which are the only living things she gives birth 
to directly,^ 

There are distinct primary rudiments of plants and animals, 
and probably of each of the great divisions of the animal 
and vegetable kingdoms. t These are gradually developed 
into the higher and more perfect classes by the slow but 
unceasing energy of two influential principles : first, the 
tendency to progressive advancement in organisation, accom- 
panied by greater dignity in instinct, intelligence, &c. ; 
secondly, the force of external circumstances j or of variations 
in the physical condition of the earth, or the mutual re- 
lations of plants and animals. For, as species spread them- 

• Phil, Zool. pp. 65 and 204. 

t Animaux sans Vert., tom. i. Intxoduction, p. 56 note. 
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selves gradually over the globe, they are exposed from time 
to time to variations in climate, and to changes in the 
quantity and quality of their food ; they meet with new 
plants and animals which assist or retard their development 
by supplying them with nutriment, or destroying their foes. 
The nature, also, of each locality, is in itself fluctuating ; so 
that, even if the relation of other animals and plants were 
invariable, the habits and organisation of species would be 
modified by the influence of local revolutions. 

Now, if the first of these principles, the inulency to pro- 
(jressive developmmfy were left to exert itself with perfect 
freedom, it would give rise, says Lamarck, in the course of 
ages, to a graduated scale of being, where the most insensible 
transition might be traced from the simplest to the most 
compound structure, from the humblest to the most exalted 
degree of intelligence. But, in consequence of the perpetual 
interference of the e.y'iernoJ raitmes before mentioned, this 
regular order is greatly interfered with, and an approxi- 
mation only to such a state of things is exhibited by the 
animate creation, the progress of some races b(ung retarded 
by unfavourable, and that of others accelerated by fa vourable, 
combinations of circumstances. Hence, all kinds of anomalies 
interrupt the continuity of the plan ; and chasms, into which 
Avhole genera or families might be inserted, are seen to 
separate the nearest existing portions of the series. 

Lamarck^ 8 theory of the transformation of the orany-outang 
into the human species, — Such is the machinery of the La- 
marckian system ; but the reader will hardly, perhaps, be 
able to form a perfect conception of so complicated a piece 
of mechanism, unless it is exhibited in action, so that \ve 
may see in what manner it can work out, under the author’s 
guidance, all the extraordinary effects which we behold in the 
present state of the animate creation. Without attempting 
to follow the author through the entire process by which, 
after a countless succession of generations, a small gelatinous 
body is transformed into an oak or an ape, I shall pass on at 
once to the last grand step in the progressive scheme, by 
which the orang-outang, having been evolved out of a monad, 
is made slowly to attain the attributes and dignity of man. 
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One of the races of quadrumanous animals which had 
reached the highest state of perfection, lost, by constraint of 
circumstances, the habit of climbing trees, and of hanging on 
by grasping the boughs with their feet as with hands. The 
individuals of this race being obliged, for a long series of 
generations, to use their feet exclusively for walking, and 
ceasing to employ their hands as feet, were transformed into 
bimanous animals, and what before were thumbs became 
more toes, no separation being required when their feet were 
used solely for walking. Having acquired a habit of holding 
themselves upright, their legs and feet assumed, insensibly, 
a conformation fitted to support them in an erect attitude, 
till at last these animals could no longer go on all-fours 
without much inconvenience. 

The Angola orang {Simia troglodyieRy Linn.) is the most 
perfect of animals ; much more so than the Indian orang 
{Simia Satyrus)^ which has been called the orang-outang, 
although both are very inferior to man in corporeal powers 
and intelligence. These animals frequently hold themselves 
upright ; but their organisation has not yet been suflSciently 
modified to sustain them habitually in this attitude, so that 
the standing posture is very uneasy to them. When the 
Indian orang is compelled to take flight from pressing 
danger, he immediately falls down upon all-fours, showing 
clearly that this was the original position of the animal. 
Even in man, whose organisation, in the course of a long 
series of generations, has advanced so much farther, the 
upright posture is fatiguing, and can be supported only for 
a limited time, and by aid of the contraction of many muscles. 
If the vertebral column formed the axis of the human body, 
and supported the head and all the other parts in equilibrium, 
then might the upright position be a state of repose ; but, 
as the human head does not articulate in the centre of 
gravity, as the chest, belly, and other parts press almost 
entirely forward with their whole weight, and as the verte- 
bral column reposes upon an oblique base, a watchful activity 
is required to prevent the body from falling.* Children who 
have large heads and prominent bellies can hardly walk at 

^ Phil. Zool. p. 363. 
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the end even of two years; and their frequent tumbles indi- 
cate the natural tendency in man to resume the quadrupedal 
state.* 

Now, when so much progress had been made by the 
quadrumanous animals before mentioned, that they could 
hold themselves habitually in an erect attitude, and were 
accustomed to a wide ninge of vision, and ceased to use 
their jaws for fighting and tearing, or for clipping herbs for 
food, their snout became gradually shorter, their incisor 
teeth became vertical, and the facial angle grew more open. 

Among other ideas which the natural tmdency to 'perfection 
engendered, the desire of ruling suggested itself, and this 
race succeeded at length in getting the better of the other 
animals, and made themselves masters of all those spots on 
the surface of the globe which beat suited them. They drove 
out the animals wliich approached neai'est them in organisa- 
tion and intelligence, and which were in a condition to dis- 
pute with them the good things of this world, forcing thmn 
to take refuge in deserts, woods, and wildernesses, where 
their multiplication was checked, and the progressive de- 
velopment of their faculties retarded ; while, in the mean- 
time, the dominant race spread itself in every direction, and 
lived in large companies, where new wants were successively 
created, exciting them to industry, and gradually perfecting 
their means and faculties. 

In the supremacy and increased intelligence acquired by 
the ruling race, we see an illustration of the natural tendency 
of the organic world to grow more perfect; and, in their 
influence in repressing the advance of others, an example of 
one of those disturbing causes before enumerated, i\mt force 
of external circtimstances which causes such wide chasms in 
the regular series of animated being. 

When the individuals of the dominant race became very 
numerous, their ideas greatly increased in number, and they 
felt the necessity of communicating them to each other, and 
of augmenting and varying the signs proper for the com- 
munication of ideas. Meanwhile the inferior quadrumanous 
animals, although most of them were gregarious, acquired 

♦ Phil. Zool. p. 3/)4. 
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no new ideas, being persecuted and restless in the deserts, 
and obliged to fly and conceal themselves, so that they 
conceived no new wants. Such ideas as they already had 
remained unaltered, and they could dispense with the com- 
munication of the greater part of these. To make them- 
selves, therefore, understood by their fellows, required merely 
a few movements of the body or limbs — whistling, and 
the uttering of certain cries varied by the inflexions of 
the voice. 

On the contrary, the individuals of the ascendant race, 
animated with a desire of interchanging their ideas, which 
became more and more nuraerou.s, were prompted to multiply 
the means of communication, and were no longer satisfied 
with mere pantomimic signs, nor even with all the possible 
inflexions of the voice, but made continual efforts to acquire 
the power of uttering articulate sounds, employing a few at 
first, but afterwards varying and perfecting them according 
to the increase of their wants. The habitual exercise of 
their throat, tongue, and lips, insensibly modified the con- 
formation of these organs, until they became fitted for the 
faculty of speech.* 

In (dfecting this mighty change, ‘ the exigencies of the 
individuals were the sole agents ; they gave rise to efforts, 
and the organs proper for articulating sounds were developed 
by their habitual employment.’ Hence, in this peculiar race, 
the origin ol the adminible faculty of speech ; hence also the 
diversity of languages, since the distance of places Avhere the 
individuals composing the race established themselves soon 
favoured the corruption of conventional signs.t 

In conclusion, it may be proper to observe that the above 
sketch of the Lamarckian theory is no exaggerated picture, 
and those passages which have probably excited the greatest 
surprise in the mind of the reader are literal translations 
from the original. 


* Lamarck’s PhiJ. Zool. tom. i. p. 356. 


t Ibid. p. 357. 
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CHAPTER XXXV. 

THEORIES AS TO THE NATURE OP SPECIES, AND DARWIN 
ON NATURAL SELECTION. 

ORTECTIONS UBGKD AGAINST THB THBOUY OF TUANHMl'TATION ANI) LAMAHCK’S 
BEPLIKS— MUMMIES OF ANIMALS AND 8KKD8 OF PLANTS FUOM EGYPTIAN ToM HS 
ID>OTICAL IN CHARACTKli WITH SPECIES NOW LIVING — LINN.^Us' OPINION 
THAT 8PPXTES HAVE BEEN CONSTANT SINCE TUEIU CREATION — BHOCCHl’s 
HYPOTHESIS OF THE OKADUAL DIMINUTION OF VITAL POWEU IN A SPECIES 
— WHETHER IF NEW SPECIES ARE CltEATED FROM TIME Tt> TIME THEIR 
FIRST APPEARANCE MUST HAVE BEEN WTTNKSHKI) BY THE NATURALIST — 
OEOFFROY ST. HILAIRE AND LAMARCK ON RUDIMENTARY OIBIANS — THE 
QUESTION OF SPECIES AS TREATED OF IN THE ‘ VESTIGES OF CREATION ' — MU. 
ALFRED WALLACE ON THE LAW WailCH HAS RKOULATKl) THE INTRODUCTION 
OF NEW SPECIES — MR. DAUWTN ON NATITRAL SKIJJCTION AND MW. WALLACE 
ON THE SAME — DAKWTN S ORIGIN OF 8PECTKH AND THE CHANGE OF OPINION 
WTIICH IT EFFECTED — DR. HOOKERS FLORA OF AUSTltALlA AND HIM VIEW'S 
AS TO THB ORIGIN OF SPECIES BY VARIATION. 

Objections urged against the Theoi*y of Transmutation and 
Lamarclds Replies . — The theory of the transmutation of 
species, considered in the last chapter, was received with 
some degree of favour by many naturalists, from their de- 
sire to dispense, as far as possible, with the repeated in- 
tervention of a First Cause, as often as geological monuments 
attest the successive appearance of new races of animals 
and plants, and the extinction of those pre-existing. But, 
independently of a predisposition to account, if possible, 
for a series of changes in the organic world by the regular 
action of secondary causes, we have se^n that in truth many 
perplexing difiBculties present themselves to all who attempt 
to establish the reality and constancy of the specific character. 
And if once there appears ground for reasonable doubt, in 
regard to the constancy of species, the amount of transforma- 
tion which they are capable of undergoing might seem to 
resolve itself into a mere question of the quantity of time 
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assigned to the past and future duration of animate ex- 
istence. 

The opponents of Lamarck objected to his arguments that 
he could not adduce a single instance of the gradual conver- 
sion of any one species of animal or plant into another ; and 
that in his appeal to the results obtained by the breeder and 
horticulturist, he had failed to show such a change in the 
structure and constitution of individuals descending from a 
common stock as might fairly entitle the new race to rank as 
a distinct species. It was conceded, for example, on all hands 
that the modifications produced in the diflPerent races of dogs 
exhibit the influence of man in the most striking point of view. 
These animals had been transported into every climate, and 
placed in every variety of circumstances : they had been made, 
as M. Dureau de la Malle observed, the servant, the com- 
panion, the guardian, and the intimate friend of man, and 
the power of a superior genius had had a wonderful influence 
not only on their forms, but on their manners and intelli- 
gence.* Different races have undergone remarkable changes 
in the quantity and colour of their clothing ; the dogs of 
Guinea are almost naked, while those of the Arctic Circle are 
covered with a warm coat both of hair and wool, which enables 
them to bear the most intense cold without inconvenience. 
There are differences also of another kind no less remarkable, 
as in size, the length of their muzzles, and the convexity of 
their foreheads. ^ The difference in stature,’ said Cuvier, 
‘ in some canine races as compared to others is as 1 to 5 in 
linear dimensions,’ making a difference of a hundredfold in 
volume.t 

But, said the advocates of the immutability of species, if 
we look for some essential changes, such as might serve as a 
foundation for the theory of Lamarck, respecting the growth 
of new organs and the gradual obliteration of others, we find 
nothing of the kind. In all the varieties of the dog, as 
Cuvier affirmed, the relation of the bones with each other 
remains essentially the same ; the form of the teeth never 
changes in any perceptible degree, except that, in some 

* Bureau de la Malle, Ann. des Sci. Nat., tom. xxi. p. 53, Sept. 1830. 

t Cuvier, Biscours Pr61imin. p. 128. 
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individuals, one additional false grinder occasionally appears* 
sometimes on the one side, and sometimes on the other.* 
The greatest departure from a common type — and it con- 
stitutes the maximum of variation as yet known in the animal 
kingdom — is exemplified in those races of dogs which have a 
supernumerary toe on the hind foot with the corresponding 
tarsal bones ; a variety analogous to one presented by six- 
fingered families of the human race, f 

It was moreover urged, and of all objections this was the 
most serious, that however distinct were the various races of 
the dog, they could all breed freely together and produce 
fertile offspring, as was also the case wuth various domesticated 
birds, such as the common fowl, of which such marked varie- 
ties had been obtained. In no instance had the mongrel 
offspring been shown to be habitually sterile, like the common 
mule or the off*spring of thp horse and ass, where the two 
parents belong to two undoubtedly distinct species. 

When the controversy had been brought to this point, and 
the amount of possible variation of animals under domesti- 
cation, and of plants under culture, was still under discus- 
sion, the followers of Lamarck sometimes lamented that no 
accurate de8cri])tions, and figures of known species, had 
been handed down from the earliest periods of history, such 
as might have afforded data for comparing the condition of 
the same species, at two periods considerably remote. To 
this, however, the opponents of transmutation replied, that 
we are in a great measure independent of such evidence, 
since, by a singular accident, the priests of Egypt have be- 
queathed to us, in their cemeteries, that information whicli 
the museums and works of the Greek and Roman philosophers 
have failed to transmit. 

It had fortunately happened that the men of science who 
accompanied the French armies during their four years’ 
occupation of Egypt, from 1797 to 1801, instead of employing 
their whole time, as eo many preceding investigators had 
done, in exclusively collecting human mummies, had ex- 
amined diligently and sent home great numbers of embalmed 
bodies of consecrated animals, such as the bull, the dog, 
* Disc. Pr61. p. 129> sixth edition. t Ibid, 
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the cat, the ape, the ichneumon, the crocodile, and the 
ibis. 

They who have never raised their conceptions of the im- 
port of Natural History beyond the admiration of beautiful 
objects or the exertion of skill in detecting specific difierences, 
would wonder at the enthusiasm expressed in Paris at the 
beginning of this century, amidst the din of arms and the 
stirring excitement of political events, in regard to these 
precious remains. In the official report, drawn up by the 
Professors of the Museum at Paris, on the value of the 
objects alluded to, the following passages might seem ex- 
travagant, unless we reflect how fully the reporters (Cuvier, 
Laci^pede, and Lamarck) appreciated the bearing of the facts 
thus brought to light on the past history of the globe. 

‘ It seems,’ say they, ^ as if the superstition of the ancient 
Egyptians had been inspired by Nature, with a view of trans- 
mitting to after ages a monument of her history. That 
extraordinary and eccentric people, by embalming with so 
much care the brutes which were the objects of their stupid 
adoration, have left us, in their sacred grottos, cabinets of 
zoology almost complete. The climate has conspired with 
the art of embalming to preserve the bodies from corruption, 
and wo can now assure ourselves by our own eyes what was 
the state of a great number of species three thousand years 
ago. We can scarcely restrain the transports of our imagi- 
nation, on beholding thus preserved, with their minutest 
bones, with the smallest poi-tions of their skin, and in every 
particular most perfectly recognisable, many an animal, which 
at Thebes or Memphis, 2,000 or 3,000 years ago, had its own 
priests and altars.’ * 

Among the Egyptian mummies thus procured were not 
only those of numerous wild quadrupeds, birds, and reptiles ; 
but, what was perhaps of still higher importance in helping 
to decide the great question under discussion, there were 
the mummies of domestic animals, among which those above 
mentioned, the buU, the dog, and the cat, were frequent. 
Now, such was the conformity, says Cuvier, of the whole of 
these species and races to those now living, that there was 
* Ann. du Museum d’Hist. Nat. tom. i. p. 234. 1802. 
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no more difference between tbem than between the human, 
mummies and the embalmed bodies of men of the present 
day. Yet some of these animals hare since that period been 
transported by man to almost every variety of climate, and 
forced to accommodate their habits to new circumshinces as 
far as their nature would permit. The cat, for example, has 
been carried over the whole earth, and, within the last three 
centuries, has been naturalised in every part of the New 
World — from the cold regions of Canada to the tropical 
plains of Guiana ; yet it has scarcely undergone any percep- 
tible mutation, and is still the same animal which was held 
sacred by the Egyptians. Of the ox, undoubtedly, there 
are many very distinct races ; but the bull Apis, which was 
led in solemn processions by the Egyptian priests, did not 
differ from some of those now living. 

Nor was the evidence derived from the Egyptian monu- 
ments confined to the animal kingdom ; the fruits, seeds, 
and other portions of twenty different plants, were faithfully 
preserved in the same manner ; and among these the common 
wheat was procured by Delille, from closed vessels in the 
sepulchres of the kings, the grains of which retained not 
only their form, but even their colour; so effectual had 
proved the process of embalming with bitumen in a dry and 
equable climate. No difference could be detected between 
this wheat and that which now grows in the East and else- 
where, and similar identifications were made in regard to 
many other plants. 

In answer to the argument drawn from this class of facts 
Lamarck observed, that ^ the animals and plants referred to 
had not experienced any modification in their specific char- 
acters, because the climate, soil, and other conditions of life 
had not varied in the interval. But if,’ he went on to say, 
^the physical geography, temperature, ^and other natural 
conditions of Egypt had altered as much as we know they have 
done in many countries in the course of geological periods, 
the same animals and plants would have deviated from their 
pristine types so widely as to rank as new and distinct species.’ ^ 
This reply, when we consider its date (about the year 1809), 
♦ Phil. Zool. pp, 70-71. 
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may well lay claim to onr admiration, as it evinced Lamarck’s 
thorough conviction, that geological changes are brought 
about so slowly that the lapse of thirty or forty centuries is 
utterly insignificant in the history of a species* Nearly all 
the men of science of his day, even the great majority of 
geologists, entertained extremely narrow views in regard to 
the duration of those periods of the past of which they 
were studying the archives. They were generally inclined 
to attribute all great changes of the earth’s crust, and its 
inhabitants, to brief and violent catastrophes, against which 
Lamarck emphatically protested.* Yet neither he nor any 
of his contemporaries could as yet form any conception of the 
number and real magnitude of the revolutions in the animate 
world with which paleontology has since made us familiar. 
In certain passages of his work he admitted that possibly 
the Paleotherium, Anoplotherium, and some other fossil 
genera of quadrupeds then recently described by Cuvier as 
occurring in tertiary strata near Paris, may have disappeared, 
having, perhaps, been exterminated by the power of man. 
But in regard to smaller animals, especially those of the 
aquatic tribes, which could not have been the victims of 
human intervention, he sometimes expressed a doubt whether 
most of these may not still have their representatives sur- 
viving in regions unexplored by the naturalist. Being 
aware, however, that the specific and generic forms of ani- 
mals and plants preserved in the rocks are more unlike 
those now existing in proportion as they are more ancient, 
Lamarck expressed his belief that in those cases where the 
fossil animals can be identified with the living, the strata 
containing them must be very modern, their descendants not 
having had time to vary, except within extremely narrow 
limits.f 

It was by this constant reference to time as an essential 
element even in the definition of a species, that the teaching 
of Lamarck differed from that of Linnaeus, Blumenbach, and 
Cuvier. 

Linnmm on species . — Linnaeus in one of his treatises had 

• Phil. Zool. p. 80. 

t Ibid. chap, iii., De I’Esp^ce, p. 79. 
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said that classes and orders are the inyentions of science, 
but species are the work of nature.* In another place he 
went so far as to declare that genera, like species, are pri- 
mordial creations.t 

Expressions may doubtless be found in some of his specu- 
lative essays, implying that he thought that some species at 
least were the daughters of time, ^ t&mporis and we 

shall see in Chap, xxxvii. that when a great number of 
closely allied species existed in the same region, he strongly 
suspected that they might be derived from other species — 
possibly that they were hybrids, and had become so far per- 
manent as to require to be treated as distinct species. But 
his deliberate opinion was contained in the following apho- 
rism : ‘We reckon just so many species as there were forms 
created in the beginning.’ J Blumenbach declared that ‘ no 
general rule can be laid down for determining the distinct- 
ness of species, as there is no particular class of characters 
which can serve as a criterion. In each case we must be 
guided by analogy and 'probahilityj* 

In former editions of this work from 1832 to 1853, I did 
not venture to differ from the opinion of Linmeus, that each 
species had remained from its origin such as vve now see it, 
being variable, but only within certain fixed limits. The 
mystery in which the origin of each species was involved 
seemed to me no greater than that in which the beginning 
of all vital phenomena on the earth is shrouded. But I 
undertook to show that the gi*adual extinction of species one 
after another was part of the constant and regular course of 
nature, and must have been so throughout all geological 
time, because the climate, and the position of land and sea, 
and all the principal conditions of the organic and inorganic 
world, are always, and have been always, undergoing change. 
I pointed out how the struggle for existqpce among species, 
and the increase and spread of some of them, must tend 
to the extermination of others; and as these would dis- 
appear gradually and singly from the scene, I suggested 

♦ * Classis et Ordo ebt sapientiae, §169. See also ibid. § 162. 

Species natiiwe opus.’ J ‘Totidem numeramuH species quot 

t ‘ Genus omne est naturale, in pri- in principio formse sunt ereatsb/ 
mordio tale creatum/ &c. Phil. Bot. 
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tlxat probably the coming in of new species would in like 
manner be successive, and that there was no geological sanc- 
tion for the favourite doctrine of some theorists, that large 
assemblages of new forms had been ushered in at once to 
compensate for the sudden removal of many others from the 
scene. 

Brocchi on the dying oxit of a species , — An Italian geologist, 
Brocchi, the author in 1814 of an able work on the fossil 
shells of the sub-Apennine Hills, endeavoured to imagine 
some regular and constant law by which species might be 
made to disappear from the earth gradually and in succes- 
sion. The death, he suggested, of a si>ecie8 might depend, 
like that of individuals, on certain peculiarities of constitution 
conferred upon them at their birth ; and as the longevity 
of the one depends on a certain force of vitality, which, 
after a period, grows weaker and weaker, so the duration of 
the other may be governed by the quantity of prolific power 
bestowed upon the species which, after a season, may decline 
in energy, so that the fecundity and multiplication of indi- 
viduals may be gradually lessened from century to century, 
‘ until that fatal term arrives when the embryo, incapable 
of extending and developing itself, abandons, almost at the 
instant of its formation, the slender principle of life by 
which it was scarcely animated, — and so all dies with it.’ * 
In opposition to this doctrine, I contended that there is no 
reason to suspect that the last individuals of a species of 
which the numbers are diminishing are physiologically de- 
teriorated, or are in the least degree impaired in their prolific 
powers ; for there are known causes in the animate and in- 
animate world which must in the course of ages annihilate 
species, however vigorous their powers of reproduction 
might remain. As the death of the last representatives of a 
species would be abrupt, I conjectured that the birth of new 
forms might be equally so, but as I had entire faith in the 
doctrine that what is now going on in the natural world 
affords a true indication of what has been and will be, I 
assumed that the coming in of new species must be going on 
at about the same rate as the dying out of old ones ; and I 

♦ Brocchi, Conch. Foss. Subap, tome i. 1814. 



Ch. XXXVJ FliiOT APFEABANCE OF NEW SPECIES 


271 


therefore felt myself called upon to explain how the birth of 
new species could be always in progress, and yet the botanist 
and zoologist remain wholly unconscious of the occurrence 
of events so wonderful, and to them of such transcendent 
interest. 

Assuming that species were specially created fi*om time 
to time to fill up the gaps to which the never-ceasing changes 
of the animate and inanimate world must give rise, I en- 
quired what kind of evidence we had a right to expect of 
the origin of new forms of animals and plants in the 
course of the last twenty or thirty centuries. Ought we to 
have been as conscious of the fact as we are of the lessening 
of the numbers and the occasional extermination of par- 
ticular species? It was obviously, I remarked, more easy 
to prove that a species, once numerously represented in a 
given district, had ceased to be, than that some other which 
did not pre-exist had made its appearance — assuming always 
that single stocks only of each animal and plant are origin- 
ally created, and that individuals of new species do not sud- 
denly start up in many different places at once. The latter 
hypothesis had already been considered by LinncDus, and pro- 
nounced by him to be unphilosopliical because quite unneces- 
sary, since, as he observed, every animal or plant, even those 
which increase slowly, are* capable in twenty or thirty gene- 
rations of stocking a large part of the whole globe with their 
descendants. 

So imperfect has the science of Natural History remained 
down to our own times, that, within the memory of persons 
now living, the numbers of known animals and plants have 
been doubled, or even quadrupled, in many classes. New 
and often conspicuous species are annually discovered in 
parts of the old continent, long inhabited by the most civi- 
lised nations. Conscious, therefore, of the limited extent of 
our information, we always infer, when such discoveries are 
made, that the beings in question had previously eluded our 
research; or had at least existed elsewhere, and only mi- 
grated at a recent period into the territories where we now 
find them. It is difficult to look forward to the time when 
we shall be entitled to make any other hypothesis in regard 
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to all the marine tribes, and to by far the greater number of 
the terrestrial ; such as birds, and insects, and a large pro- 
portion of plants, especially those of the crj^ptogamous class, 
many of which possess such unlimited powers of diffusion as 
to be almost cosmopolitan in their range. 

It may perhaps be said that if new species were suddenly 
callcHl into being by special acts of creation, some forest tree 
or new quadruped ought to have been seen, for the first 
time, witliin the last ten or twenty centuries in the more 
populous parts of such countries as England or France. 
In that case, the naturalist might have been able to de- 
monstrate that no similar living form had before existed in 
the district. 

Now, although this argument may seem plausible, its force 
will be found to depend entirely on the rate of fluctuation 
which we suppose to prevail in the animate world, and on 
the proportion which such conspicuous subjects of the animal 
and vegetable kingdoms bears to those which are less known 
and escape our notice. There are perhaps more than a 
million species of plants and animals, exclusive of the mi- 
croscopic and infusorial animalcules, now inhabiting the ter- 
raqueous globe; so that if only one of these were to become 
extinct annually, and one new one were to be every year 
called into being, much more than a million of years 
might be required to bring about a complete revolution in 
organic life. 

I have never ventured to hazard any precise hypothesis as 
to the probable rate of change; but none will deny that 
when the annual birth and the animal death of one species 
on the globe was proposed as a mere speculation, this at 
least was to imagine no slight degree of instability in the 
animate creation. If we divide the surface of the earth into 
twenty regions of equal area, one of these might comprehend 
a space of land and water about equal in dimensions to 
Europe, and might contain a twentieth part of the million of 
species which may be assumed to exist in the animal king- 
dom. In this region one species only would, according to 
the rate of mortality before assumed, perish in twenty years, 
or only five out of fifty thousand in the course of a century. 
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But as a considerable proportion of the whole would belong 
to the aquatic classes, with which we have a very imperfect 
acquaintance, we must exclude them from our consideration ; 
and if they constitute half of tlie entire number, then one 
species only might be lost in forty years among the terrestrial 
tribes. Now the Mammalia, whether terrestrial or aquatic, 
bear so small a proportion to other classes of animals, forming 
less, perhaps, than one thousandth part of the whole, that if 
the longevity of species in the different orders were equal, a 
vast period must elapse before it would come to the turn of 
this conspicuous class to lose one of their number. If one 
species only of the whole animal kingdom died out in forty 
years, no more than one mammifer might disappear in 40,000 
years in a region of the dimensions of Europe. 

It is easy, therefore, to see, that in a small portion of such 
an area, in countries, for example, of the size of England and 
France, periods of much greater duration must elapse before 
it would be possible to authenticate the first appearance of 
one of the larger plants and animals, assuming the annual 
birth and death of one species to be the rate of vicissitude in 
the animate creation throughout the world. It would follow 
from the above considerations that if Lamarck was entitled 
to plead insufficiency of time when challenged to bring 
forward a single case of transmutation, the advocates of 
special creation were equally entitled to say that, if the intro- 
duction of new species goes on as slowly as the extinction of 
old ones, it could not be expected that they should have 
witnessed the first starting into being of a new animal or 
plant, 

Geoffroy St, Hilaire and Lamarck on rudimentary organs , — 
The great majority of the best naturalists and geologists who 
succeeded Lamarck were content to believe with Humboldt 
that the origin of species was one of tljose mysteries which 
it was not given to natural science to penetrate. Omalius 
d^Halloy, however, in his ‘ Elements of Geology,^ which he 
published in 1831, and in six subsequent editions, taught that 
the species of animals now living were the descendants of 
progenitors which have left their fossil remains in the later 
Tertiary formations. I asked him in the year 1867, when 

VOL. n. T 
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he was in his eighty- fourth year, by what facts and re^onmgs 
he had been led to entertain this view, and he told me that 
he owed his convictions on this head to the lectures of 
Geoflfroy St, Hilaire, to which he had listened in the early 
part of this century at Paris. That great zoologist, he said, 
never lost an opportunity, when he spoke of the rudimentary 
organs found in so many animals, of pointing out their 
bearing on the theory of transmutation. According to him 
they were clearly the relics of parts which had been service- 
able in some remote ancestor and hod been reduced in size 
by disuse, and he rejected the idea as puerile that useless 
organs had been created for the sake of uniformity of plan. 

I may here remark that in my brief abstract of Lamarck’s 
theory drawn up by me originally in 1832, and which for 
reasons explained in the last chapter (p. 248, note) I have 
now reprinted without alteration or addition, I omitted, 
when referring to what he had said on the impoverishment 
and final disappearance of organs by disuse, to cite many 
examples which he gives in the ‘ Philosophic Zoologique ’ in 
illustration of this principle. Among other facts the abortive 
teeth concealed in the jaws of some mammalia are mentioned, 
such teeth not being required because their food is swallowed 
without mastication. The discovery also by G. St. Hilaire 
of teeth in tlie fcctus of a whale is alluded to, and the small 
size of the eyes in the mole, which makes scarcely any use of 
its organs of vision. Allusion is also made to the aquatic 
reptile called Protects aiujitinus, inhabiting the waters of dark 
subterranean caverns, which retains only the vestiges or 
rudiments of eyes.* 

The question of species as treated in the ‘ Vestiges of Orea^ 
tionJ* — But, speaking generally, it may be said that all the 
most influential teachers of geology, paleontology, zoology, 
and botany continued till near the middle of this century 
either to assume the independent creation and immutability 
of species, or carefully to avoid expressing any opinion on this 
important subject. In England the calm was first broken by 
the appearance in 1844 of a work entitled ^The Vestiges of 
Creation,’ in which the anonymous author had gathered 
* Phil. Zool, tom, i. p. 240, where other examples are also given. 
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together and presented to the public, with great clearness and 
skill, the new facts brought to light in geology and the kin- 
dred sciences since the time of Lamarck in favour of the 
transmutation of species and their progressive development 
in time. He availed himself of the generalisations of paleon- 
tologists on the changes observable in the fossil fauna and 
flora of successive epochs of the past, showing that the 
structural affinity was greatest in those which stood nearest 
each other in position when the strata were arranged in 
chronological order, and that there had been a gradual 
approximation of the animate world as it changed from 
period to period to the state of things now represented by 
the living creation. 

The embryological investigations of Tiedeniann and others 
were referred to as being in harmony with the doctrine of 
transmutation ; the various phases of development through 
which a mammifer passes when in the fetal state n^presenting 
in succession the likeness of a fish, reptile and bird, and lastly 
putting on the characters proper to the highest class of 
vertebrata. It was also suggested that these metamorjdioses 
were comparable to the creative additions made in like 
chronological order to the organic world of past ages as 
revealed to us by the fossil remains preserved in th(‘ rocks. 
The arguments which Lamarck and others had derived from 
rudimentary organs in favour of their views were re-stated 
and their validity emphatically insisted upon. The unity of 
plan exliibited by the whole organic creation, fossil and 
recent, and the mutual affinities of all the different classes of 
the animal and vegetable kingdoms, were declared to he in 
harmony with the idea of new forms having proceeded 
from older ones by generation, species having been gradually 
modified by the influence of external conditions. 

Lamarck had rendered his hypoth^is very complete by 
embracing without any essential change the notions of 
.^istotle as to spontaneous generation. The simplest rudi- 
ments or germs of life were assumed to be always coming into 
being. This would account for the present abundance of 
species of the lowest grades of animal and vegetable existence 
in spite of the constant advance throughout past time of the 



276 


BABWIK AND WALLACE OK 


[Ch. XXXT. 


organic creation towards a more perfect state. In his eager- 
ness to supply the eridence which was wanting to confirm 
the reality of the working of this part of the plan of na- 
ture, the author of the ^ Vestiges ^ displayed an extraordinary 
want of philosophical caution. For he cited experiments 
which were supposed to prove that the action of a voltaic pile 
on a solution of potash could give origin to new species of 
insects. The careless way in which these experiments had 
been conducted contrasted in a striking manner with the 
extreme caution displayed by those who liad been endeavour- 
ing t(j test the truth or falsehood of Harvey’s dictum that 
‘ every living thing comes from an egg.’ The result of every 
increase in the power of the microscope bad been to refute 
the tlieory of spontaneous generation, or at least to force the 
abettors of the old doctrine to take refuge in the obscure re- 
gion of the infinitely minute. Distrust of the soundness of 
the author’s judgment was also engendered by a suspicion 
that he was not practically versed in the study of any one de- 
partment of tiatural knowledge. Every weak point, more- 
over, in this treatise was exposed with unsparing severity 
by critics who were impatient of the popularity it enjoyed, 
notwithstanding the adoption by the author of Lamarck’s 
doctrine that Man was not only tfie last link of a long series 
of progressive developments, but had been connected by 
descent wdth the inferior animals. 

Darivhi and Wallace on the origin of speciea, — The next 
important effort to determine the maimer in wdiich new 
sj^ecies nmy have originated was made in 1855 by Mr. 
Alfred Wallace in the ‘Annals of Natural History,’* in 
an essay entitled ‘ On the Law which has regulated the 
Introduction of New Species.’ The opinions enounced 
in this paper carried with them the authority of one who 
was well versed in several departments of natural history, 
especially ornithology and entomology. He had first 
explored during four years, conjointly with Mr. H. W. Bates, 
the valley of the river Amazons, and the neighbouring equa- 
torial parts of South America, their expedition having been 

* Series 2, vol, xvi. Republished in ‘ Contributions to the Theory of Katuml 
Selection,’ p. 1. 
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expressly undertaken to collect facts ‘ towards solving tlie 
problem of the origin of species/* Mr. Wallace had after- 
wards spent many years in studying the zoology of the Malay 
Archipelago, devoting his attention especially to the birds 
and insects ; and the result of his experience, aided by the 
information obtained from geological writers, was summed 
up in the following proposition, ‘ that every B|>ecies has come 
into existence coincident both in space and time with a pre- 
existing closely allied sj)ecies/t Mr. Darwin, J when re- 
ferring subsequently to this paper in his ‘ Origin of Species,’ 
has stated that he knew from correspondence with Mr. Wal- 
lace that the cause to which he attributed the coincidence 
here alluded to was no other than ‘ generation with modifi- 
cation,’ or, in other words, the ‘ closelj^ allied antitype’ was 
the parent stock from which the new form Inul been derived 
by variation. All the most telling arguments which Lamarck 
had brought forward, and those drawn from various sources 
which the ‘ Vestiges ’ had superadded, in favour of species 
being the result of indefinite modification, inste^ad of special 
creation, were briefly and ably summed up by Mr. Wallace; 
but it was clear that the evidence which had most powx^rfully 
influenced his mind, was that derived from his own experience 
of the geographical distribution of species, and especially of 
birds and insects. 

In geography, he remarked, a genus or species rarely 
occurs in two very distant localities without being also found 
in the intermediate space ; so in geology the life of a genus 
or species is not interrupted, tio species having come into 
existence twice, or having been renewed after having once 
died out. For the maimer in which the gradual extinction 
of species had been brought about and was still in progress, 
Mr. Wallace referred to my chapter on that subject in the 
‘ Principles of Geology/ confining his speculations to the 
manner in which new forms were introduced from time to 
time to replace those which were lost. 

Meanwhile Mr. Charles Darwin, well known by his ‘ Voyage 
in the Beagle,’ and various works on Geology, had been for 

♦ Bat^' Preface to his ‘Natupaliet xvi. p. 186. 
on the River Amazons.’ J lat ed. p. 356 ; 4th ed. p. 424. 
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organic creation towards a more perfect state. In his eager- 
ness to supply the evidence which was wanting to confirm 
the reality of the working of this part of the plan of na- 
ture, the author of the ‘ Vestiges ’ displayed an extraordinary 
want of philosophical caution. For he cited experiments 
which were supposed to prove that the action of a voltaic pile 
on a solution of potash could give origin to new species of 
insects. The careless way in which these experiments liad 
been conducted contrasted in a striking manner with the 
extreune caution displayed b}" those who had been endeavour- 
ing to test the truth or falsehood of Harvey’s dictum that 
^ every living thing comes from an egg.’ The result of every 
increase in the power of the microscope had been to refute 
the theory of spontaneous generation, or at least to force the 
abettors of the old doctrine to take refuge in the obscure re- 
gion of the infinitely minute. Distrust of the soundness of 
the author’s judgment was also engendered by a suspicion 
that he was not practically versed in the study of any one de- 
pjirtmont of natural knowledge. Every weak point, more- 
over, in this treatise was exposed with unsparing severity 
by critics who were impatient of the popularity it enjoyed, 
notwithstanding the adoption by the author of Lamarck’s 
doctrine that Man was not only tfie last link of a long series 
of progressive developments, but had been connected by 
descent with the inferior animals. 

Darwin and Wallace 07 i the origin of spcciea . — The next 
important effort to determine the manner in which new 
species may have originated was made in 1855 by Mr. 
Alfred Wallace in the ‘Annals of Natural History,’* in 
an essay entitled ‘ On the Law which has regulated the 
Introduction of New Species.’ The opinions enounced 
in this paper carried with them the authority of one who 
was well versed in several departments of natural history, 
especially ornithology and entomology. He had first 
explored during four years, conjointly with Mr. H. W. Bates, 
the valley of the river Amazons, and the neighbouring equa- 
torial parts of South America, their expedition having been 

♦ Series 2, vol. xvi. Republished in * Contributions to the Theory of Katurnl 
Selection,’ p, 1. 
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expressly undertaken to collect facts * towards solving the 
problem of the origin of species.** Mr. Wallace had after- 
wards spent many years in studying the zoology of the Malay 
Archipelago, devoting his attention especially to the birds 
and insects ; and the result of his experience, aided by the 
information obtained from geological writers, was summed 
up in the following proposition, ‘ that every species has come 
into existence coincident both in space and time with a pre- 
existing closely allied species.’t Mr. Darwin, J when re- 
ferring subsequently to this paper in his ‘ Origin of Si.)eeie8,* 
has stated that he knew from correspondence with Mr. Wal- 
lace that the cause to which he attributed the coincidence 
here alluded to was no other than ^ generation with modifi- 
cation,’ or, in other words, the ^closely allied antitype' was 
the parent stock from which the new form had been derived 
by variation. All the most telling arguments which Lamarck 
had brought forward, and those drawn from various sources 
which the ‘ Vestiges ’ had suporadded, in favour of species 
being the result of indefinite modification, instetul of special 
creation, were briefly and ably summed up by Mr. Wallace; 
but it was clear that the evidence which had most powerfully 
influenced his mind, was that derived from his own experience 
of the geographical distribution of species, and especially of 
birds and insects. 

In geography, he remarked, a genus or species rarely 
occurs in two very distant localities without being also found 
ill the intermediate space ; so in geology the life of a genus 
or species is not interrupted, no species having come into 
existence twice, or having been renewed after having once 
died out. For the manner in which the gradual extinction 
of species had been brought about and was still in progress, 
Mr. Wallace referred to my chapter on that subject in the 
^ Principles of Geology,’ confining his speculations to the 
manner in which new forms were introduced from time to 
time to replace those which were lost. 

Meanwhile Mr. Charles Darwin, well known by his ‘ Voyage 
in the Beagle,’ and various works on Geolog}% had been for 

* Bates' Preface to his ‘Naturalist xvi. p. 186. 
on the River Amazons.’ % P- 355 ; 4th ed. p. 424. 

t Annals of Nat. Hist, ser. 2, vol. 
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examples^ is remarkable. It raises at the same time a strong 
presumption in favour of the truth of the doctrine. Both 
writers referred to the number of the feathered tribe which 
perish annually. ‘Very few birds,’ says Mr. Wallace, ‘ pro- 
duce less than two young ones each year, while many have 
six, eight, or ten ; and if we suppose that each pair produce 
young only four times in their life, each would at this rate 
increase in fifteen years to nearly ten millions, whereas we 
have no reason to believe that the number of the birds of any 
countiy increases at all in fifteen or even in 150 years. It is 
evident, therefore, that each year an immense number of 
birds must perish, as many in fact as are bom ; and as on 
the lowest calculation the j)rogeny are each year twice as 
numerous as their parents, it follows that whatever be the 
average number of individuals existing in any given country, 
twice that number must perish annually. 

‘ Large broods are superfluous : on the average all above 
one become food for hawks and kites, wild cats and weazels, 
or perish of cold and hunger as winter comes on.’* The most 
remarkable instance of an immense bird population is that 
of the passenger pigeon of the United States, ‘ which lays 
only one or at most two eggs, and is said to rear generally but 
one young one. Why is this bird so extraordinarily abundant, 
while others producing tw’o or three times as many young 
are much less plentiful? The explanation is not difficult. 
The food most congenial to this species, and on which it 
thrives best, is abundantly distributed over a very extensive 
region, offering such differences of soil and climate, that in 
one part or another of the area the supply never fails. The 
bird is capable of very rapid and long continued flight, so. 
that it can pass without fatigue over the whole of the district 
it inhabits, and as soon as the supply of food begins to fail in 
one place is able to discover a fresh feeding-ground. This 
example strikingly shows us that the procuring a constant 
supply of wholesome food is almost the sole condition re- 
quisite for ensuring the rapid increase of a given species, 
since neither the limited fecundity, nor the unrestrained 

* Journ. of Linnaean Soc., vol. iii. p, 55. 1858. * Contributions to Natural 
Selection/ p. 30. 
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attacks of birds of prey and of man, are here suflBcient to 
check it/* 

When pointing out how every variation from the typical 
form of a species gives an advantage to some individuals 
over others, Mr. Wallace shows that even a change of colour, 
by rendering certain animals more or less distinguishable, 
affects their safety. He also observes that in a state of 
nature, a race better fitted for changed conditions would 
never revert to the form which it had displaced ; although in 
the case of domesticated animals allowed to run wild or be- 
come ^ feral,’ they must, to a certain extent, recover the 
character which they had lost during their subjugation to 
man, for reasons which will be explained in Chapter xxxvii. 
The essay concluded with some judicious criticisms on La- 
marck’s notion that animals may by their own efforts pro- 
mote the development of some of their organs, or even acquire 
new ones. ^Changes,’ says Mr. Wallace, Hiave Ixhui brought 
about, not by the volition of the creatures themselves, but by 
the survival of varieties which had the greatest facilities of 
obtaining food. The giraffe did not acquire its long neck by 
desiring to reach the foliage of lofty trees and by constantly 
stretching out its neck for that purpose, but varieties which 
occurred with a longer neck than usual had an advantage 
over their shorter-necked companions, and, on the first 
scarcity of food, were enabled to survive them.’f 

After the publication of the detached chapt/cr of his book 
in the Linnsean Proceedings, Mr. Darw in was persuaded by 
his friends that he ought no longer to withhold from the 
world the result of his investigations on the nature and 
origin of species, and his theory of Natural Selection. Great 
was the sensation produced in the scientific world by the 
appearance of the abridged and condensed statement of his 
views comprised in his work entitled ‘ On the Origin of 
Species by means of Natural Selection, or the Preservation 
of Favoured Paces in the Struggle for Life.’ From the hour 
of its appearance it gave, as Professor Huxley truly said, ‘ a 

* Joum. of Linnaean Soc., vol. iii. p. f Journ. of Lincaean Boc., p, 61 » 
65. 1868. ‘Contributions to Natural ‘Contributions to Natural Selection,’ 

Selaction,’ p. 42. p. 42. 
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new direction to biological specnlation,’ for even where it 
failed to make proselytes, it gave a shock to old and time- 
honoured opinions from which they have never since re- 
covered. It effected this not merely by the manner in which 
it explained how new races and species might be formed by 
Natural Selection, hut also by showing that, if we assume 
this principle, much light is thrown on many very distinct 
and otherwise unconnected classes of phenomena, both 
in the present condition and past history of the organic 
world. 

IlooJcer on variation and selrrtion and the formation of species 
in the vegetable world.- -The abandonment of the old received 
doctrine of the ‘ immutability of species’ was accelerated in 
England by the appearance, in the same year (1859), of Dr. 
Hooker’s essay on the Flora of Australia. In several of his 
previous writings this eminent botanist had said all that could 
bo said in support of the ‘ constancy of the specific character in 
the vegetable world.’ He had been freely discussing for fifteeu 
years with Mr. Darwin all the facts and arguments which 
they could bring to bear on this question, but he stated in 
his Introduction, that until the views of his friend and those 
of Mr. Wallace in favour of Natural Selection had been made 
known, he scarcely felt himself at liberty frankly to declare 
how far, as a botanist, he was prepared to go in the same 
direction. He had been ocinipied for more than twenty years 
in the study of plants of various parts of the world, arctic, 
temperate, and tropical, insular and continental. He had 
personally explored the floras of several of these regions, had 
described and classified thousands of species, and was well 
known to unite caution with boldness in his philosophical, 
speculations. From his new essay the general public learnt, 
not without surprise, how little the most experienced botanists 
are agreed amongst themselves as to the limits of species, 
and to what an extent these limits are a mere matter of 
opinion, even amongst those who believe that species have 
remained unchanged since their creation, and will remain 
immutable as long as they continue on the globe. As con- 
spicuous evidence of this he stated that the number of known 
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gpecies of flowering plants is assumed by some to be under 
80,000, and by others over 150,000,* 

Dr, Hooker showed that in proportion as we study tlie 
same plant under varied conditions and in distant regions, it 
becomes more and more difficult to define its precise specific 
characters ; also that in the flora of everj" country there are 
some groups of species which are apparently unvarying, 
others which on the contrary run so much one into another 
that the whole group may be regarded as a continuous series 
of varieties between the terms of which no hiatus exists such 
as might allow of the intercalation of any intermediate va- 
riety. The genera Rubus, Rosa, Salix, and Saxifraga afford 
conspicuous examples of these unstable forms ; Veronica, 
Campanula, and Lobelia of comparatively stable ones. At 
the same time he points out in accordance with Mr. Dar^vin's 
theory how the extmction of a certain number of the inter- 
mediate races by destroying the transitional links w'ould 
facilitate the classification of the remaining 8pecit‘s, and hints 
that we may be indebted to such extinction in past times for 
whatever facility we now enjoy of resolving plants into dis- 
tinct species, genera, and orders. ‘The mutual relations,’ he 
observes, ‘ of the plants of each great botanical province, and 
in fact, of the world generally, are just such as would have 
resulted if variation had gone on operating throughout inde- 
finite periods, in the same manner as we see it act in a 
limited number of centuries, so as gradually to give rise in 
the course of time to the most widely divergent forms.’ 

When we reflect that this statement was made after a 
study of the characters and geographical distribution of tens 
of thousands of species, we feel disposed at once to declare 
that a theory which is in harmony with so many facts must 
be true ; but if so, we have to enquire how it happens that so 
many naturalists, of undoubted ability and knowledge, have 
always held and still believe that 8|)ecie8 have been con- 
stant from the beginning. In reference to this question, Dr. 
Hooker admits that species are realities and may be treated 
as if they were permanent and immutable ; for the forms and 
characters, at least of the gi-eat majority of them, may be 

♦ Flora of Tasmania, p. iii. 
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faithfully transmitted through thousands of generations, and 
may have remained constant within the range of our expe- 
rience. ‘ But our experience,’ he remarks, ‘ is so limited that 
it will not account for a single fact in the present geogra- 
phical distribution, or origin of any one species of plant, nor 
for the amount of variation it has undergone, nor will it 
indicate the time when it first appeared nor the form it had 
when created.’* 

* Hooker, Flora of TaHmaniii. 
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CHAPTER XXXVI. 

VABIATIOK OP PLANTS AND ANIMALS UNDER DOMESTIOATION 
VIEWED AS BEARING ON THE ORIGIN OP SPECIES. 

DOMKSTIC RACKS, HOVTRTKR niVKRCKNT. HHKKn FHEKLT T<viBTHER —RKMiiTE 
ANTlQiriTY OF SOME AUTIKICTALLY FORMED RACKS — SFI.KCTION, MOTH VWCON- 
SClors AND MKTHODICAL. VERY INFLVKNTIAL IK FOUMINtS HEW RACES — 

THE CHARACTERS OF SOME RACK.S OF THE DoMH.STlCATED PIOKON OF (iKKRRlC 
VAl.CE — REVIVAL OF LONt'.-LOST CllAKAtTKRS IK THE OFF.'JPltlKO OF CltOM.**- 
HRKEDS — MULTIPLE OHIOIK OF THE DOO — IKHKUITKI) IKSTIKCTS — VARIATION 
OF THE GOLD FLSH AND .SILKWORM— MAN CAirSBS PARTICT LAR PARTS OF AN 
ANIMAL OR Pl^NT TO VARY MUILE OTHER PARTS CoKlINCK rKAJ.TEUKD — 
MAI7.F. — CARRAGE — ARB THERE ANY LIMITS TO THE VARIARII.ITV OF A 
SPBCIK.S? — OREDIilNCK TO MAN UNDER I>OMRSTICATR)K OITKK MERELY A 
NEW ADAPTATION OF A NATURAL INSTINCT ‘ FERAL ’ VAUIKTIKH D<» NOT 
REVERT TO THE EXACT LIKENESS OF THE ORIGINAL WILD STO('K — HOW FAR 
DO l>OMESTIC RACKS DIFFER FROM WII.D SPKI'IEM IN THEIR CAPACITY To INTER- 
DREED? — HYBRIDISATION OF ANIMALS AND PLANTS^ HERMAPHRODITE PIjINTH 
NOT USUALLY KKLF-FKUTILIHED — WHETHER THE DIST1N( TNK.SS OF SPKCTES 
CAN DE TESTED RY HYRRIDITY — TENDENCY OF DIFFERENT RACK.S OF DOMESTIC 
CATTLE AND SHEEP TO HERD APART— PAl.LAH ON DOMESTICITY ELIMINATING 
STERILITY — CORRELATION OF GROWTH. 

Domestic races, however divergent, breed freely 
TOGETHER. — We have seen that the indefinite modifiability 
of species in the course of thousands of generations, and 
under gradually altered conditions in the organic and inor- 
ganic world, is a question which has been seriously enter- 
tained by naturalists ever since the beginning of the present 
centurj". The changes brought about by the breeder and 
horticulturist, and the new races to which they have given 
origin, have always been appealed to in support of this theory 
of unlimited variability. It may be said that man, in every 
stage of his social progress, has been engaged in conducting 
with much patience and at enonnous cost, a grand series of 
experiments to ascertain how far it is possible to make the 
descendants of common parents, both in the animal and vege- 
table kingdoms, deviate from their original type. In pur- 
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suing this course he has by no means confined his attention 
to plants and animals which minister to his wants, but he 
has sometimes gone on for thousands of years simply for his 
amusemtmt, trying how far he could alter certain species 
—-the pigeon, for example, or some flowering plants such as 
the rose. 

The opponents of the doctrine of ti'a ns mutation have 
always objected to argumeuts founded on the results of such 
experiments, that, in spite of the skill and perseverance of 
the breeder, agrictulturist and florist, man has never suc- 
ceeded in giving origin to one new species. For however far 
some of the new races may have diverged from the parent 
stock or from each other, they have always continued to breed 
freely together and produce fertile ofispring, whereas the 
hybrids whicli result from the union of two distinct species in 
nature are always sterile. 

Before we can decide on the weight which we must attach 
to such an objection, we must consider not only the nature 
and extent of the changes which have been effected in species 
under domestication and culture, but also the facility of 
obtaining hybrid plants and animals of wdld species, and the 
different degrees of sterility of the hybrids when obtained. 
The whole subject of the variation of domesticated animals 
and cultivated plants has been lately treated of, with so much 
ability and in such detail, by Mr. Darwin in his work on 
Variation,* that I cannot do better than refer the reader to 
his clear statements of the facts and of their bearing on his 
theory of the ‘ Origin of Species.’ In this chapter, besides 
repeating much that I advanced in former editions, I shall 
allude briefly to some of the valuable observations and expe- 
riments which he has made, and the theoretical conclusions 
to which they point. 

Remote antiquity of some artificially formed races . — The 
explorations so actively carried on within the last twenty 
years in the Swiss lake-dwellings, and an examination of the 
remains of animals and plants there preseiwed, have shown 
that domesticated races of the dog, the ox, and the sheep, 
and cultivated varieties of several cereals and of many firuits, 


* The Variation of Plants and Animals under Domestication : 1867. 
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had been formed in Central Europe in the Neolithic age, or 
before the use of metals was yet general. The antiquity which 
we are thus called upon to assign to the culture of certain 
plants need not surprise us, if Mr. Darwin is correct in his 
opinion that man in a barbarous state is naturally led to dis- 
cover the useful properties of all wild plants by the frequently 
recurring famines to which all savage tribes are exposed ; 
for when in danger of starving he is compelled to try as food 
every kind of fruit, leaf, and root. By this means the nutri- 
tious, stimulating, and medical qualities of the most unpro- 
mising species are brought to light. 

It might have been thought that tlie seeds of wild grasses 
were too minute to afford much temptation for men in a rude 
state of society to cultivate th^mi for food ; but it seems that 
both Barth and Livingstone* observed tlie natives in dif- 
ferent parts of Africa collecting the seeds of wild grasses, and 
eating them ; from which practice it would be an easy step to 
pass to the sowing of some of them near their usual haunts, 
and eventually to the selection for seed of those varieties 
which yielded the largest crops. Th(‘ great number of cul- 
tivated grasses or cereals, and the difficulties which botanists 
encounter when they endeavour to trace them to their ori- 
ginal stocks, or to the wild species from which they have 
sprung, become more intelligible if we suppose that they have 
undergone considerable modifications under culture in pre- 
historic times. 

It has often been remarked that we do not owe a single 
useful plant to Australia or the Cape of Good Hope, or to 
New Zealand, or to America south of the Plata. On this 
subject Mr, Darwin obseives, that we must by no means 
infer that in these countries no native plants have proved 
useful to savage man. Dr. Hooker, indeed, enumerates no 
lees than 107 native speciesf which are used even by the 
Australians. But the small advantage which civilised man 
has hitherto derived from the regions above alluded to simply 
demonstrates that wild plants cannot compete with those 
which have been improved by cultivation for a long series of 
generations. 

* Cited by Darwin, ‘On Variation of f Flora of Australia, Introduction, 
An im ala,* &c., 18d7» p. SOS. p. cx. 
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A skilful botanist who should see for the first time our 
finest varieties of apples, peaches, pears, and plums, would be 
unable to guess from what species of wild trees they had 
been derived. 

De Candolle mentions no less than thirty-three useful 
plants which we owe to Mexico, Peru, and Chili, among which 
the maize and potato are conspicuous ; and Tschudi describes 
two forms of maize no longer known in Peru, which were 
taken from the tombs of the Incas,* and which had become 
extinct before the arrival of the Spaniards in South America. 
But strange to say, no botanist has yet been able to trace the 
maize, which had evidently been cultivated from a very re- 
mote period, to any wild aboriginal parent stock. 

The slowness with which improved varieties of native plants 
have been brought into existence may be infeiTed from the 
researches of Oswald Heer with respect to the fruits belonging 
to the Swiss lake-dwellers of the later Stone period. They 
had collected wild crabs, sloes, bullaces, elderberries, hips of 
roses and beech-mast differing but slightly from those which we 
know in a wild state. They had also five kinds of wheat and 
three of barley, mostly inferior in size to ours. Among them 
was the wheat commonly called Egyptian ; a fact leading to 
the inference that the lake-dwtdlers had either come originally 
from the south or had intercourse with some southern people. 
So in regard to the domesticated animals of the same lake- 
dwellers, they do not agree exactly with any of our breeds. 
Thus for example, they had two kinds of cattle which are 
considered as modifications of two species or races which then 
existed in a wild state — namely. Bos primigmiuH and Bos longi- 
frons ; but, although they were modifications of these original 
types, they cannot be identified with any existing Eui’opean 
breeds. Their dog also differed from ours, or from that of the 
later Bronze period, and according to Riitimeyer was of a 
middle size, and equally remote from the wolf and the jackal. 
They had also a small breed of sheep with long and thin legs 
and with horns like those of a goat, which was not exactly 
similar to any one of the races now known. 

Selection^ both unco'nsciotis and methodical^ very injlaential 

♦ Cited by Darwin, ‘On Variation,’ &c., p. 320. 
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m forming new races . — When the art of the breeder has been 
greatly perfected, he is able to bring about very important 
changes in a short time. He has no power either of causing 
or preventing the numerous varieties which nature presents 
to him among individuals born of the same parents. But 
he can choose those which best suit his purpose, and breed 
from them, while he destroys those varieties which are less 
valuable. In the next generation he again picks out those 
individuals which possess the desired qualities in a somewhat 
more marked degree ; and so goes on accumulating these 
differences till he produces a brec^d which an8W(»r8 to some 
preconceived idea formed by him. He can discriminate 
trifliug variations both in animals and plants which an unedu- 
cated eye cannot appreciate. The variations which are thus 
intensified become fixed by inheritance, and permanent nices 
are formed by a process technically called ‘ selection.’ But 
there is another kind of selection, termed ‘ unconscious ’ by 
Mr. Darwin, which perhaps acts more powerfully in the long 
run, both in a rude and civilised state of society. The savage, 
when pressed by hunger, is often driven to feed on his dogs; 
in which case, if he is able to retain any of them, he preserves 
such as are most useful to him in the chase. So in a very 
early state of agriculture, the seeds and fruits of those varie- 
ties which offer some advantage over others, by the abundance 
of their produce or the quality or flavour of the nutriment 
they aftbrd, will be sown by preference, whereas the seeds 
of less prized varieties will be consumed. For man is always 
called upon to decide which individuals shall be spared as a 
stock from which to breed, so many more being always born 
into the world than there is room or food for. Mr. Darwin 
supposes that, even in the most advanced state of society, 
the influence of unconscious selection acts more powerfully 
tlian methodical selection. 

Our present bull-dogs, he observes, are different from those 
formerly used for baiting bulls, being of smaller size and 
altered in shape, now that the old sport has been given up. 
Our fox-hounds differ from the old English hound, and our 
greyhounds have become lighter. Our enormous dray-horses 
have been produced from some ancient bulky race through 

VOL. n. u 
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the unconscious selection, carried on during many generations 
in Flanders and England, of the most powerful and heaviest 
horses, without the least intention or expectation of creating 
our present elephant-like breed.* After the introduction 
into England of some Arab horses, the methodical selection 
of the swiftest individuals gradually produced the English 
race-horse. But even this change has been pai-tly effected 
unconsciously, by the general wish to breed as fine horses as 
possible, without any intention to give to them their present 
character. 

The characters of some races of the domesticated pigeon of 
generic value . — Domestic pigeons afford a most striking illus- 
tration of the great divergence from the original type, the 
rock pigeon (Columha Livia)^ which man has brought about in 
the course of time. These birds have been domesticated for 
thousands of years in Egypt and India, and they afford 
remarkable facilities for the production of distinct breeds, as 
the male and female birds can be easily mated for life, and 
the different varieties kept together in the same aviary. 
More than 150 distinct races have received names, all breed- 
ing true ; and at least a score of these, says Mr. Darwin, 
might be named, which, if shown to an ornithologist, and he 
was told they were wild birds, would be ranked by him as 
well-defined species, while some of them, such as the carrier, 
short-faced tumbler, pouter and fan-tail, would not even be 
placed in the same genus. From historical details which 
have come down to us of the principal races of the pigeon 
as they were known in India before the year 1600, it appears 
that these races, although they might have been classed in 
the same groups as our present breeds, had not at that time 
diverged in so great a degree from their aboriginal common 
parent, the wild rock pigeon. 

Pigeon-fanciers in forming new varieties have confined their 
attention to external characters — such as the length of the 
beak, the number or length of the tail feathers, the colour of 
the plumage, and the general shape of the body, yet they 
have sometimes unintentionally produced modifications in 


♦ Darwin ‘ On Variation/ chap. xx. p. 212, 
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the internal bony framework of the species. Thus while 
they have given a longer body to the pouter, they have unin- 
tentionally augmented the number of its sacral and caudal 
vertebrae, and the breadth of the ribs as well as the size of 
the breast-bone. In the fan-tail they have increased con- 
siderably the length and number of the caudal vertebne; and, 
what is still more worthy of note, in several breeds the whole 
skull differs in its proportions and outline from that of the 
rock pigeon. 

So many passages have been traced between the most di- 
vergent varieties above alluded to and the wild Colnrnha 
Livia, that ornithologists do not hesitate to recognise this 
species as the common progenitor of them all. Another 
curious proof of such a derivation is afforded by crossing dis- 
tinct breeds and finding in the off'spring some peculiar cha- 
racters of the rock pigeon, especially in the plumage, which 
neither of the parent races poss(»ssed.* Thus the blue slaty 
colour, or dark bars, on the wings and tail, and the white 
eilging of the outer tail feathers of the original Colmnha 
Livia, are produced in the mongrel offspring of the carrier 
and fan-tail, although all thes(* characters have often been 
in abi^yance in both of the parent stocks for a hundred or 
more generations. Mr. Darwin has tested the truth of this 
singular principle of atavism, by experiment, in the case of 
pigeons, and has also obtained analogous results, by pairing 
some of the most distinct varieties of the common fowl ; 
as, for example, a black Spanish cock and a white silky hen, 
two ancient and pure breeds in which there was not a trace 
of the red colour proper to the plumage of the wild Gallus 
bankivay a Himalayan species, which has always been sup- 
posed to be the original of our domestic fowls. In many 
of the young obtained from such a cross the peculiar orange- 
red colour was conspicuous.f 

Revival of long-lost characters in the offsprings of cross-breeds* 
— Why the act of crossing should tend to evoke characters 
which had long been lost in each of the parent races, is 
one of the most wonderful enigmas which the attributes of 
inheritance present to us. By what favourable combination 
* Danrin ‘On Variation,* toL i. p. 200, t D>id. p. 241. 
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of circumstances can we suppose these characters, which must 
have been lying latent in so many intermediate generations, 
to be thus made again to manifest themselves ? In some cases 
they are developed alternately in successive generations, in 
others at longer intervals. 

The composition of the molecules which form the germ- 
cells of animals and plants, and their mode of multipli- 
cation and transmission from one generation to another, has 
been a favourite subject of speculation ever since the time of 
Buffon and Bonnet, More recently (1849), Professor Owen 
has treated of this subject in his memoir on ‘ Parthenogene- 
sis,’ and Mr. Herbert Spencer has speculated on the man- 
ner in which the atoms or physiological units composing the 
fertilised germ of an animal or plant may unfold into orga- 
nisms and become the means of transferring the qualifica- 
tions of the parent to the offspring.* The new hypothesis 
suggested by Mr. Darwin, and which he has called ‘ Pange- 
nesis,’ coincides in many respects with that of Mr. Spencer, 
and cannot be fully undei'stood without reference to the lumi- 
nous and detailed explanations of it given by Darwin in the 
concluding chapters of his work on Variation. f He assumes 
that the germ-cells of animals and plants are capable of 
generating minute bodies, termed by him cell-gemmules, 
which become diffused through all parts of an organism, and 
are capable of multiplying and uniting with others like 
themselves, and when this union does not occur, may remain 
in a dormant state. Their increase may take place after the 
usual manner of growth in all living beings, according to 
which entire limbs are sometimes reproduced in the lower 
animals after they have been cut off, or as wounds are healed 
by the formation of new flesh, or as a portion of the leaf 
of a plant may be developed into a perfect individual. The 
cell-gemmules remaining undeveloped for many generations, 
may be compared to seeds lying dormant in the earth, or to 
rudimentary organs which, though useless, may be inherited 
for an indefinite succession of generations, or as long as an 
entire species endures on the earth. 

^ Principles of toI. i. chaps, iv. and viii. 

t Danrin ‘ On Variation,* chaps, xxxrii. and xzxriii. 
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Before this new hypothesis waa started, it was sufficiently 
difficult to conceive how a microsopic cell or ovule, so minute 
as to be often invisible to the naked eye, and in some coses 
requiring the aid of a powerful microscope to be made visible, 
should contain within it not only the characters of the species, 
but many of the peculiarities of one or both parents, including 
some of their acquired individual habits and instincts. But 
now we are called upon, in addition, to imagine that there 
are innumerable other molecules, in each germ or ovule, in 
which the characteristics of remote progenitors may also Ik* 
present. As bearing on the question of the possible minute* 
ness of particles of organic matter, 1 shall have to refer in a 
future chapter (Chap, xl.) to the ten million sporules of a 
single fungus which were counted by Fries. A still more 
lively idea of the possible diminutiveness of mak^rial atoms 
may be gained by reflecting on the manner in which the air 
is often perfumed or tainted throughout liirge spaces by the 
odour of a plant or animal, and how the contagious particles 
of certain diseases float unseen in the atmosphere, until they 
are at last received within a human body, where they rapidly 
increase and act powerfully. 

Assuming, then, that the number of cell-gemmules in an 
undeveloped embryo may be almost infinite in number, we 
have to explain how some of these, after having been long 
transmitted in a latent state, may suddenly multiply and gain 
an ascendency when individuals belonging to two distinct 
races are crossed. Among other facts which are somewhat 
analogous, we are reminded that, although there is frequently 
in the offspring a fusion of all the characters of the parents, 
yet occasionally some of the characters of one parent are 
exclusively transmitted to one of the children and those of 
the other parent to another. The characters of one parent 
sometimes prevail in all the ofl:spring to the exclusion 
of those of the other. When Giirtner crossed white and 
yellow-flowered varieties and species of mullein (verhascum)^ 
these colours never became blended, but the offspring bore 
either pure white or pure yellow blossoms. This must depend 
on some principle of the affinity of similar and the repul- 
sion of dissimilar atoms. The cell-germs derived from two 
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individuals of distinct races may not readily unite, or not 
in suflScient numbers for the reproduction of the character- 
istic attributes of the two parents ; they may be antagonistic 
and neutralise each other’s power in such a way as to allow 
the gemmules derived from a remote progenitor to multiply 
suddenly, gaining such an ascendency as to revive certain 
peculiarities of the original stock which had remained long 
in abeyance. 

Multi]de origin of the dog . — In regard to the origin of the 
various canine races which have been domesticated by man 
in all parts of the world, there is still no small diversity of 
opinion. Mr. Darwin, after an elaborate analysis of all that 
has been written on the subject, inclines to the belief which 
Pallas entertained of the multiple origin of the dog, more 
than one wild species having been blended together to pro- 
duce the very distinct races which we now possess. The 
celebrated John Hunter maintained that the wolf, the dog, 
and the jackal were all of one species ; because he had found, 
by two experiments, that the dog would breed both with the 
wolf and the jackal ; and that the mule, in each case, would 
breed again wuth the dog. In these cases, however, it may 
be observed, that there was always one parent at least of 
pure breed, and no proof was obtained that a true hybrid 
race could be perpetuated. 

It was formerly supposed that the period of gestation in 
the dog and the wolf differed slightly ; but experiments 
have not home out this opinion; and Professor Owen has 
been unable to confirm the alleged difference in the struc- 
ture of a part of the intestinal canal. It seems scarcely to 
admit of a doubt that both the jackal, and more than one 
species of wolf, have been occasionally crossed with the dog. 

The main argument in favour of the different breeds of the 
dog being the descendants of distinct wild stocks is their 
resemblance, says Darwin, in various countries to indigenous 
species still existing there.* Thus the domestic dogs of the 
American Indians resemble North American wolves. The 
shepherd-dog of Hungary is very like the European wolf ; 
the domestic dog of Asia resembles the jackal. But Mr. 

* Darwin ‘ On Variation/ chap, i. p. 20. 
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Wallace has suggested to me that evidence of this nature 
loses much of its weight when we take into consideration 
some cases of modification given by him and by Mr. Dar- 
win, and cited by Mr. Mivart in his ‘ Genesis of Species.'^ 
Many quite distinct species of butterflies are shown to be 
similarly modified in the same localities ; in some districts 
acquiring more elongate wings, in others losing their tails, 
in others again becoming enlarged or diminished in size. 
No less than twenty-nine kinds of American trees have been 
shown by Mr. Meehan to differ from their nearest European 
allies, all in the same manner ; and M. Costa has stated that 
young English oysters taken to the Mediterranean at once 
altered their manner of growth, and formed j)rominent di- 
verging rays or ribs on the shell, like those proper to the 
Mediterranean oyster. A yet more pertinent illustration of 
this law is afforded by the Cape hunting dog {Lyman vena^ 
ticus)^ and the Aard wolf {Protelvn eristatuF)^ animals which 
inhabit the same region as the hymnas, and curiously re- 
semble them in external form and colouring, altliough differ- 
ing from hyaenas in such important structural characters, 
that the former is placed in a distinct genus, and the latter 
constitutes, according to Professor Flower, a i)eculiar and very 
isolated family. If, therefore, certain localities can impress 
upon whole groups of species a uniform facies^ Mr. Wallace 
considers it more probable that the dogs of various regions 
have been thus modified so as to correspond to native foxes, 
wolves, and jackals, than that they should have been descended 
from such very distinct species, and have mysteriously ac- 
quired the power of breeding together and producing fertile 
offspring, which those species themselves do not possess. 

But, even if the intercrossing of several original wild stocks 
may have increased the total numl>er and diversity of our 
breeds, it cannot, says Darwin, explain the origin of such ex- 
treme forms as thoroughbred greyhounds, bloodhounds, bull- 
dogs, Blenheim spaniels, terriers and pugs, none of which are 
known to have been kept by savages, and which are the 
product of breeding in civilised countries. The difference 


* Pp. 83-88. 
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in the form of the BlnillB in some of these races is admitted 
by Cuvier to be sometimes more than generic ; in some 
varieties there is an additional pair of molars in the upper 
jaw (see p. 265) ; and some, like the Turkish dogs, are defi- 
cient in the number of their molars ; the mammm also vary 
from seven to ten in number. Dogs have properly five toes 
in front, and four behind, but a fifth toe is often added, to- 
gether with a fourth cuneiform bone. Man, says Darwin, if he 
had cared about the number of their molar teeth, mammae or 
digits, could, by selection, have fixed these characters, in the 
same way as he has given additional horns to certain breeds 
of sheep, and an additional toe and feathers to the Dorking 
fowl ; but at present these peculiarities have merely accom- 
panied changes in form, fleetness, size, strength, and other 
characters which the breeder has puiposely fixed. 

Inherited instincts, — It is evident that these new races 
could not be artificially produced if the individual pecu- 
liarities of one generation were not transmitted by inheritance 
to the next. Even newly acquired habits and instincts are 
often so transmitted, as was beautifully illustrated by a race 
of dogs employed for hunting deer in the platform of Santa 
Fe, in Mexico. The mode of attack, observes M. Roulin, 
which they employ consists in seizing the animal by the belly 
and overturning it by a sudden effort, taking advantage of 
the moment when the body of the deer rests only upon the 
fore-legs. The weight of the animal thus thrown over is 
often six times that of its antagonist. The dog of pure 
breed inherits a disposition to this kind of chase, and never 
attacks a deer from before while running. Even should the 
deer, not perceiving him, come directly upon him, the dog 
steps aside and makes his assault on the flank ; whereas 
other hunting dogs, though of superior strength, and general 
sagacity, which are brought from Europe, are destitute of 
this instinct. For want of similar precautions, they are 
often killed by the deer on the spot, the vertebrae of their 
neck being dislocated by the violence of the shock.* 

A new instinct has also become hereditary in a mongrel 


* M. Koulin, Ann. des Sci. Nat., tom, xvi. p. 16. 1829. 
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race of dags emplojed by the inhabitants of the banks of the 
Magdalena almost exclusively in hunting the white-lipped 
pecari. The address of these dogs consists in restraining 
their ardour, and attaching themselves to no animal in par- 
ticular, but keeping the whole herd in check. Now, among 
these dogs some are found, which, the very first time they 
are taken to the woods, are acquainted with this mode of 
attack ; whereas, a dog of another breed starts forward at 
once, is surrounded by the pecari, and, whatever may be his 
strength, is destroyed in a moment. 

Some of our countrymen engaged about the year 1825 in 
conducting one of the principal mining associations in Mexico, 
that of Real del Monte, carried out with them some English 
greyhounds of the best breed, to hunt the hares which 
abound in that countrj’. The great platform which is here 
the scene of sport is at an elevation of about 1^,000 feet 
above the level of the sea, and the mercury in the barometer 
stands habitually at the height of about ninehfen inches. 
It was found that the greyhounds could not support the 
fatigues of a long chase in tliis attenuated atmosphere, 
and before they could come up with their prey, they lay down 
gasping for breath ; but tnese same animals have jmaluced 
whelps which have grown up, and are not in the least 
degree incommoded by the want of density in the air, but 
run down the hares with as much ease as the fleetest of 
their race in this country. 

The fixed and deliberate stand of the pointer has with 
propriety been regarded as a mere modification of a habit, 
which may have been useful to a wild race accustomed to 
wind game, and steal upon it by surprise, first pausing for 
an instant, in order to spring with unerring aim. The 
faculty of the retriever, however, may justly be regarded as 
more inexplicable and less easily referable to the instinctive 
passions of the species. M. Majendie, says a French writer 
in a recently published memoir, having learnt that there was 
a race of dogs in England which stopped and brought back 
game of their own accord, procured a pair, and, having 
obtained a whelp from them, kept it constantly under his 
eyes, until he had an opportunity of assuring himself that. 
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without having received any instruction, and on the very 
first day that it was carried to the chase, it brought back 
game with as much steadiness as dogs which had been 
schooled into the same manoeuvre hy means of the whip and 
collar. 

The power of man to produce new races of animals by 
selection, lias been by no means confined to the mammalia 
and birds. The Chinese have kept gold fish {Cyprimvs aura^ 
tun) for ornament or curiosity from a remote period, and it 
is suspected that the golden colour is not characteristic of 
the species in a state of nature. Yarrell mentions that de- 
scriptions and coloured drawings of no less than 89 varieties 
have been given by Sauvigny, some destitute of dorsal 
fins, others having a double anal fin or a triple tail. Of 
these, many, says Darwin, may be called monstrosities, for 
it is difficult to draw a strict line between a variation and a 
monstrosity. 

If we turn from the vertebrata to the invertebrata, we find 
here again that selection is capable of producing distinct 
races in the class of insects, as in the case of the common 
silk-moth [Bomhyx mori)^ which is believed to have been do- 
mesticated in China nearly 8,000 years before our era. It 
was brought to Constantinople in the sixth century, whence 
it was carried into Italy, and in the year 1494 into France.* 
The nature of the food given to the caterpillar influences to 
a certain extent the character of the breed. Great care is 
taken in India and Europe in the selection of the eggs of 
those moths whose caterpillars have produced the best 
cocoons. The silk is usually yellow, but sometimes white, 
and, by careful selection, in the course of sixty-five genera- 
tions the proportion of yellow cocoons in France was gi'eatly 
reduced. The abdominal feet of the caterpillars which yield 
white cocoons are, according to Quatrefages, always white, 
while the feet of those which give j^ellow cocoons are inva- 
riably yellow, and there is a corresponding diflTerence in the 
tint of the eggs. 

Man causes particular parts of an animal or plant to vary 

* Godron, ‘De 1869, tom. i. p. 460; and see Darwin ‘On Variation,’ 

vol, i. p. 300. 



Ch* XXXVI J PAKTICtJLAB PAKTS ONLY ALTERED. 


299 


while other parte may continue unaltered , — The pcssibility of 
obtaining particular breeds and fixed varieties of animals and 
plants depends on the fact that variations occur in almost 
any required direction if a vast number of individuals are 
produced. It is also found that one form of variation may 
usually be accumulated in successive generations by selec- 
tion, without the other characters of the species being mate- 
rially affected. Cows are wanted which may give us an 
increased quantity of milk, sheep which may yield finer w(X)l, 
poultry which may have a habit of continually laying eggs ; 
and these qualities are often obtained without perceptibly 
changing in any other respect the habits or organisation of 
the same races. 

In the case of the maize and the vine, we alter the seed 
and the fruit without changing the leaves, whereas in the 
foliage of the mulberry, cultivated for the sake of the silk- 
worm, new varieties have been formed, the frnit remaining 
the same. In the cabbage the leaves liave undergone won- 
derful transformations, as have the tubers in the potato and 
the roots in the carrot, while the characters of the flowers in 
all have remained unaltered. The modifications produced 
in the seeds of the maize deserve especial notice. The dif- 
ferent races vary in height from eighteen inches to ns many 
feet, and the whole ear in one variety is more than four times 
as long as iii another dwarf kind. The seeds are coloured 
white, pale yellow, orange, red, violet, or streaked with black. 
Mr. Darwin found that a single grain in one variety equalled 
in weight seven grains of another. The tall kinds grown in 
southern latitudes and exposed to great heat require from six 
to seven months to ripen their seed, whereas the dwarf kinds 
g^own in northern and colder climates require only from 
three to four months.* ^ 

In North America the maize has been gradually cultivated 
farther and farther northward, in which case the changes 
induced by an alteration of climate have been added to those 
due to selection. In this plant the results of inherited 
acclimatisation are very striking. Metzger obtained the 

* Metzger die Getreidearteo, 1841, p. 206, cited by Darwin ‘ On Variation/ toL i. 
p. 821. 
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seed of a variety called Zea altueima from the warmer parts 
of America, and raised it in Germany, and the first year the 
plants were twelve feet high and few seeds were perfected. 
The lower seeds in the ear kept true to their proper form, 
but the upper ones became slightly changed. In the second 
generation the plants were from nine to ten feet in height, 
and the seeds had changed from white to yellow and were 
more rounded in form. In the third generation nearly all 
resemblance to ihe original and very distinct parent form 
was lost. In the sixth generation this maize, which conti- 
nued to be cultivated near Heidelln^rg, could only be distin- 
giiished from th6 common European kind by a somewhat 
more vigorous growth. ‘ The fact/ says Mr. Darwin, ‘affords 
the most remarkable instance known to me of the direct and 
prompt action of climate on a plant.’ 

Several hundred varieties of the vine, characterised by 
differences in their fruit, have been reared in hothouses, or 
cultivated for wine, while the mulberry, both in France and 
India, has given rise to as many varieties in the texture and 
quality of the leaves, characters which have been rendered 
constant by selection. If man had reversed this treatment, 
he might doubtless have produced endless changes in the 
leaves of the vine, the grapes remaining unaltered, and a 
great many races characterised by different fruits in the 
mulberry, while the leaves, being neglected, would not have 
undergone any marked modification from the type of the 
original 2 )lant. 

A bitter plant {Brassica oleracea)^ with wavy sea-green 
leaves, having a flower like mustard or wild charlock, has been 
taken from the sea-side, and transplanted into the garden, 
where it has lost its saltness, and has been metamorphosed 
into many distinct vegetables, among others the red cabbage 
and the cauliflower, which are as unlike each other as is 
each to the parent plant. In certain countries plants belong- 
ing to the order of Cruciferse which are generally herbaceous 
become developed into trees, so the cabbage in the island of 
Jersey has acqnired a woody stem not unfrequently from ten 
to twelve feet in height. The stalk of one which measured 
sixteen feet in height had its spring shoots at the top occu- 
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pied by a magpie’s nest. The wood of the same variety 
is sometimes used for walking sticks, and even for rafters. 
These efiFects result from particular culture and peculiarities 
of climate. What is wortliy of note, says Darwin, is the very 
trifling difference in the flowers, seed-|K)ds. and seeds of the 
cabbage which accompanies the wonderful mebimorphosis 
which man has brought about in the 8hai)e, size, colour, and 
growth of the leaves and stein. What a contrast is here 
presented to the changes in the corresponding parts in the 
varieties of maize and wheat! ‘ The explanation is obvious; 
the seeds alone are valued in our cereals, and their variations 
have been selected ; whereas the seeds, seed-pods, and flowers 
have been utterly m^glected in the cabbage, whilst many 
useful variations in their leaves and stems have been noticed 
and preserved from an extremely remote period, for cabbages 
were cultivated by the old Celts.’ * 

Among the changes in external conditions of which florists 
avail themselves in order to produce new varieties those of 
the soil must not be overlooked. Tin? production of blue 
instead of red flowers in the ffij<lrany(!a hortemin^ illustrates 
the immediate eflFect of certain soils on the colours of the 
calyx and petals. In garden-mould or compost, the flowers 
are invariably red ; in some kinds of bog-earth they are 
blue ; and the same change is always produced by a parti- 
cular sort of yellow loam. 

Whether there are definite limits to the variahility of a 
species , — In former editions of this work (from 1831 to 1853), t 
I contended that there are limits to that deviation from an 
original type of which species are susceptible. My argu- 
ment was founded chiefly on the rapid rate at which we may 
bring about considerable modifications in a brief period in 
domesticated animals and cultivated plants, and the slow 
progress which we can afterwards make in modifying the 
same races when our experiments are persevered in for a 
great many generations. In illustration of this principle I 
observed, that when man uses force or stratagem against 
wild animals, the persecuted race soon becomes more cau- 

* Darwin ‘ On Variation/ vol. i. p. 324. 1831, toL ii. chap. iii. p. 37, and 8th 

t ‘ Principles of Geology/ Ut edition, edition, chap. xxxr. p. 592, 
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tious, watchful, and cunning; new instincts seem often to 
be developed, and to become hereditary in the first two or 
three generations ; but let the skill and address of man in- 
crease, however gradually, no farther variation can take place, 
no new qualities are elicited by the increasing dangers. The 
alteration of the habits of the species has reached a point 
beyond which no ulterior modification is possible, however 
indefinite the lapse of ages during which the new circum- 
stances operate. Extirpation then follows, rather than such 
a transformation as could alone enable the species to perpe- 
tuate itself under the new state of things. 

But Mr. Darwin has shown that even in those species such 
as the pigeon, our common cattle, sheep or pigs, which have 
been made to vary by selection from the remotest periods, 
there are no signs of a positive limit having been reached 
beyond which no farther change can be brought about. All 
have been altered within quite modern times, and ^ the 
tendency to general variability seems unlimited.’* 

It has also been pertinently remarked by Mr. Wallace that 
the amount of change in any one direction may at first be 
comparatively rapid ; as when in the case of the race-horse, 
we begin to select certain varieties with a view of increasing 
speed, and afterwards fail in our efforts materially to raise the 
standard, for however many years we may expend wealth and 
energy in the attempt. The real question, he observes, is 
not whether indefinite and unlimited change in any or all 
directions is possible, but whether man can bring about such 
differences as do occur in nature by accumulating variations 
or by selection. ^ All the swiftest animals — deer, antelopes, 
hares, foxes, lions, leopards, horses, zebras, and many others — 
have reached very nearly the same degree of speed. Although 
the swiftest of each must have been for ages preserved and the 
slowest must have perished, we have no reason to believe that 
there is any advance of speed. The possible limit under 
existing conditions, and perhaps under possible terrestrial 
conditions, has been long reached.’ t But in the English race- 

* Dnrwin ‘On Variation,’ &c. p. 416. tions to the Theory of Natural Selec- 

t Wallace, Quart. Joum. of Science, tion,’ p. 292, 

October, 1867, p. 486; and ‘Contribu- 
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horse we have been enabled to produce a variety surpassing 
in swiftness its own wild progenitor and all the other equine 
species. 

Obedietice to man under domestication often a mere adaptation 
of a natural instinct, — We may also very easily exaggenite the 
amount of change which seems to be brought abotit in a few 
generations. Frederick Cuvier* has clearly pointed out one 
source of deception relating to alterations wliicli we may fancy 
we have wrought in the instincts and dispositions of animals. 
An animal in domesticity, he observes, is not essentially in a 
different situation, in regard to the ft'eling of restraint, from one 
left to itself. It lives in society without constraint, because, 
without doubt, it was a social animal ; and it conforms itself 
to the will of man, because it had a chief, to which, in a wild 
state, it would have yielded obedience. Tliere is nothing in 
its new situation that is not conformable to its projxmsities ; 
it is satisfying its wants by submission to a master, and 
makes no sacrifice of its natural inclinations. All tlie social 
animals, when left to themselves, form herds more or less 
numerous ; and all the individuals of the same herd know 
each other, are mutually attached, and will not allow a strange 
individual to join them. In a wild state, moreover, they 
obey some individual, which, by its superiority, has l)ecome 
the chief of the herd. Our domestic species had, originally, 
this sociability of disposition; and no solitary species, how- 
ever easy it may be to tame it^ has yet afforded true domestic 
races. We merely, therefore, develope, to our own advantage, 
propensities which propel the individuals of certain species 
to draw near to their fellows. 

The sheep which we have reared is induced to follow us, as 
it would be led to follow the flock among which it was 
brought up; and, when individuals t>f gregarious species 
have been accustomed to one master, it is he alone whom 
they acknowledge as their chief — he only whom they obey. 
^The elephant allows himself to be directed only by the 
carnac whom he has adopted ; the dog itself, reared in soli- 
tude with its master, manifests a hostile disposition towards 
all others ; and everybody knows how dangerous it is to be 

* M^m. du Mus. d’Hiiit. Nat. ; Jameson, Ed. New Phil Journ., Nos. 6, 7, 8. 
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iu the midst of a herd of cows, in pasturages that are little 
frequented, when they liave not at their head the keeper who 
takes care of them* 

* Everything, therefore, tends to convince us, that formerly 
men were only, with regard to the domestic animals, what 
those who are particularly charged witli the care of them 
still are — namely, members of the society which these animals 
form among themselves ; and that they are only distinguished, 
in the general mass, by tlie authority which they have been 
enabled to assume from their superiority of intellect. Thus, 
every social animal which recognises man as a member, and 
as the chief of its herd, is a domestic animal. It might even 
be said that, from the moment when such an animal admits 
man as a member of its society, it is domesticated, as man 
could not enter into such a society without becoming the 
chief of it.’* 

But the ingenious author whose observations I have here 
cited, admits that the obedience which the individuals of 
many domestic species yield indifferently to every person, is 
without analogy in any state of things whicli could exist 
previously to their subjugation by man. Each troop of wild 
horses, it is true, has some stallion for its chief, who drawls 
after him all the individuals of which the herd is composed ; 
but, when a domesticated horse has passed from hand to 
hand, and has served 8(‘veral masters, he becomes equally 
docile towards ai)y jyerson^ adopting as it w^ere the whole 
human race as his leader. 

Every troop of wuld elephants has a leader who directs 
their movements wuth much caution, and takes care that 
none of them straggle from the herd. In India this animal 
rarely breeds in captivity, altliougli, according to Mr. Craw- 
furd, in Ava, where the females are allowed to roam some- 
what freely in the forests, they breed in a half-domestic 
state. In general it is found to be the best economy to cap- 
ture full-grown individuals in a wild state, and in a few years 
after they are taken, sometimes, it is said, in a few months, 
their education is completed. They who have had oppor- 


* du Mtts. d'Hist. Nat. 
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tnnities of observing them in their native forests are by no 
means surprised at the sagacity which they display after 
they have accommodated themselves to the society of man, 
to whom they render obedience, not by acquiring any new 
instincts, but simply in conformity to faculties proper to them 
in a wild state. 

The tameness of some animals — in the case of cattle, goats, 
and deer, for example — after they have been reclaimed and 
improved by selection for two or three generations, is another 
change of which we may be in danger of overrating the im- 
portance. The first savages wlio wandered into new districts 
probably found most of tlie animals free from any apprehen- 
sion of danger from man. Mr. Darwin relates that in the 
islands of the Galapagos Archipelago, placed directly under 
the equator, and nearly 000 miles west of the American 
(Continent, all the terrestrial birds, as tlie finches, doves, 
hawks, and others, are so bime that they may be killed with 
a switch. One day, says this author, ‘ a mocking-bird alighted 
on the edge of a pitcher which I Indd in my hand, and began 
quietly to sip the water, and allowed rne to lift it with 
the vessel from the ground,’ Yet formerly, wdien the first 
Europeans landed, and found no inhabitants in those islands, 
the birds were even tamer than now : already they are begin- 
ning to acquire that salutary dread of man which in countries 
long settled is natural even to young birds, wliicdi have never 
received any injury. So in the Falkland Islands, both the 
birds and foxes are entirely without fear of man ; whereas, 
in the adjoining mainland of South America, many of the 
same species of birds are extremely wild ; for there tlioy have 
for ages been persecuted by the natives.* 

Sir John Richardson informs ns, in his able histor)^ of the 
habits of the North American animals, that, ‘ in the nuired 
parts of the mountains, 'where the hunters had seldom pene- 
trated, there is no difficulty in approaching the Rocky Moun- 
tain sheep, which there exhibit ihe simplicity of character so 
remarkable in tiu domestic species ; but where they have been 
often fired at, they are exceedingly wild, alarm their com- 
panions, on the approach of danger, by a hissing noise, and 
* Darwin’* Jonrn. in V'oyage of H.M.S, Beaglo, p. 475. 
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scale the rocks with a speed and agility that baffle pur- 
suit/ * 

^ FeraV varieties do not revert to the exact likeness of the 
original stock , — It is an old and r€‘ceived opinion that if any 
domesticated animals or cultivated plants are abandoned by 
man and allowed to run wild or become ‘ feral/ they will 
rev(;rt to the exact likemvss of their aboriginal parent stock. 
Bui this seems to be only true to a limited exttmt. It was 
before remarked (p. 281) that such ^ feral’ animals can only 
compete with their fellows in the struggle for life by losing 
most of the characters which they have acquired in a state 
of domesticity. 

Our quickly fattening Mr. Wallaces unr short- 

legged sheep, cattle without horns and pouter idgeons, 
would soon b(* annihilated if man’s protection was withheld 
from them. In a few genertations the boar wL<ni ccnnpelled 
to search for food recov(‘rs his long tusks and the fall exer- 
cise of all his organs ; reverting in the general vshape of his 
body, the length of his legs and of his muzzle, to the type of 
the wild boar. 

His reversion to the likein^ss of the parent stock, says 
Darwin, is probably mor<' coiiqilete than that of other domes- 
ticated animals which run wild, but there is no evidence to 
show tliui it is over x)erfect. There are two main types ol 
the dcunestie pig — one supj^osed to come from the European 
Sus scrofay and the other from the Indian Sns Indica, These 
varieties or species seem not yet to have been distinctly re- 
cognised in a feral state, and the feral pigs of S. America, 
Jamaica, and New Granada, have each some peculiarities.t 
Under new climatal and other conditions they vary, but they 
can only stand their ground by reacquiring many lost cha- 
racters which belonged to the original wild sj^ecies. 

It is very commonly believed that when the seeds of fruit- 
trees and garden vegetables sj>ring up in uncultivated soils, 
the plants revert to the likeness of the original wild stock ; 
but Dr. Hooker observes that this is not strictly true. ^ They 
degenerate and sometimes die out ; sometimes they become 
stunted, and so far resemble their wild progenitors, but they 

1 Darwin ‘ On Variation,’ chap. iii. 


♦ Fauna Boreali Americana, p. 273. 
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do not rovert to the original type. Thus the Scoteh kail 
and Brussels sprouts, if neglected, become as unlike the wild 
Brasmcii Oleracea as they are unlike one another ; and our liner 
kind of apples, if grown from seed, degenerate and btx*ome 
crabs, but in so doing, they bi'eome crab states of the va- 
rieties to which they belong, and do not revert to the original 
wild crab-apple ; and the same is true to a great extent of 
cultivated roses, and of the raspberry, strawberry, and mimt 
tnirdeii fruits.’* This experienced botanist therefore con- 

c? *• 

eludes that the characters of a variety are never so entirely 
obliterated that it has no longer a claim to be considered a 
variety. 

How far do domestic roces differ from xcUd species in fkeir 
capacitif to {nterbree<l llyhridisatiim of animals and plants, - 
It is now time to return to a question wliich was m(M)tcd at 
the commencement of this chapter, naim^ly, the freedom with 
which all artificially product'd rac«‘S bre(‘d togelluT, and how 
far this clearly eonstitutesa von] didVreiico between them and 
the most closely allied wild species. 

Then^ art* no l(‘ss than 2SS wild species of tin? pigtHin 
family {Columhidwf ;] yt‘t, altbougb some of tliesi^ approach 
very near to others in their characters, they will not, so far 
as experiments have yet bemi tried, pair togetlnu’, presenting 
in this respect a marked c(mtrast to thoscj domestic races 
which, as before stated (p. 21M1), would, if found wild, have 
been ranked by ornithologists as true species, yet which i>air 
freely and produce fertile otfspring. 

All the different races of domestic dogs breed together, 
and John Hunter’s opinion has already been citc'd, that the 
jackal and wolf must be class(id as of the same spftcies, 
because when crossed they produce fertile mules. A capii- 
bility of thus breeding together has often been jiroposed, as 
the best practical test of a real distinctness of species. The 
experiment with which we are rrtost familiar relates to the 
mixed offspring of the horse and the ass ; and in this case it 
is well established that the he-mule can generate and the 
she-mule produce. Such cases occur in Spain and Italy, and 

* Hooker, ‘ Flora of Australia,* p. ix. 

t C. L. Bonaparte, cited by Darwin, ‘ On Variation,’ p. 133. 



308 


VARIATION OF PLANTS AND ANIMALS. [Ch. XXXVI. 


mtich more frequently in the West Indies and New Holland ; 
but these mules seldom breed in wann countries, still more 
rarely in temperate regions, and never in cold climates ; and 
no instance is known of two such mules, male and female, 
having bred together. 

The hybrid offspring of the she-ass and the stallion, the 
yivvo9 of Aristotle, and the hinniis of Pliny, differs from the 
mule, or the offspring of the ass and mare. In both cases, 
says Buffon, these animals retain more of the dam than of 
the sire, not only in the magnitude, but in the figure of the 
body ; whereas, in the form of the head, limbs, and tail, they 
boar a greater resemblance to the sire. It seems rarely to 
happen that any hybrids are truly intermediate in character 
between the two parents. Thus Hunter mentions that, in 
his experiments with the dog and the wolf, one of the 
hybrid pups resc'mbled the wolf much more than did the rest 
of the litter, and we are informed by Wiegmann, that, in 
a litter obtained in the Royal Menagerie at Berlin, from a 
white pointer and a she-wolf, two of the cubs resembled the 
common wolf-dog, but the third was like a pointer with 
hanging ears. 

The phenomena of hybridity in plants present a remark- 
able parallel to those in the animal kingdom ; and we have 
learnt more from the cultivators of plants, because they have 
been able to conduct their experiments on a grander scale, 
sowing great numbers of the two species which they desire 
to cross, and taking small account of failures, provided that 
some of the results of crossing are successful. 

The first accurate experiments in illustration of this curious 
subject appear to have been made by Kolreuter, who obtained 
a hybrid from two species of tobacco, Xicotiana rmtica and 
N. paniculata, which differ greatly in the shape of their 
leaves, the colour of the corolla, and the height of the stem. 
The stigma of a plant of N. rmfica was fertilised with the 
pollen of a plant of N. panicxdata. The seed ripened, and 
produced a hybrid which was intermediate between the two 
parents, and which, like all the hybrids which this botanist 
brought up, had imperfect stamens. He afterwards impreg- 
nated this hybrid with the pollen of N. paniculaia^ and 
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obtained plants which much more resembled the last. This 
he continued through several generations, until, by due jH^r- 
severance, he actually changed the Nicotiaim rtwr/ica into the 
Nicoiian<i panicidata. 

The plan of ciossing adopted was the cutting off of the 
anthers of the plant intended for fructification before they 
had shed pollen, and then laying on foreign pollen uix>n the 
stigma. The same experiment has since been repeated with 
success by Wiegmanii, who found that he could bring back 
the hybrids to the exact likene.ss of either parent, by crossing 
them a sufficient number of times with individuals of one of 
the pure stocks. 

The blending of the characters of parent stocks, in many 
other of Wieginaun’s experiments, was complete ; the colour 
and shape of the leaves and flowers, and even the scent, being 
often interniediate. An intermarriage, also, between the 
common onion and the leek (Alliuvi and A. porrtim) gave 
a mule plant, which, in the clniracter of its loaves and 
flo>vers, approached most nearly to the garden onion, but 
had the elongated bulbous root and smell of tin) leek. 

The same botanist remarks, that vegetable hybrids, when 
not strictly intt*rm(*diate, more frecpiently approach the 
female than the male parent species ; hut they never e^'hibit 
rharacters forcuja to hoik. A re-cross wuth one of the original 
stocks generally causes the mule jdant to revert towards tliat 
stock ; but this is not always the case, the offspring some- 
times continuing to exhibit the character of a full hybrid. 

Gartner, in his work on the hybridisation of plants, has 
shown that some pure species which can be united with 
unusual facility will pioduce sterile hybrids, while others 
which are crossed rarely, or with extreme difficulty, pnslucc 
hybrids which are very fertile, as for example in different 
species of the genus Dianthus or pink. The same botanist 
repeatedly crossed the common red and blue piinpeniels, 
A'tiayalliH arveuau and A. carulea^ which, says Darwin, the 
best naturalists rank as mere varieties of one species, and 
found them absolutely sterile. These plants, besides their 
distinctness in colour, differ slightly in the nervation of their 
leaves and in the shape of their petals ; and botanists who 
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attach importance to the test of sterility conclude that they 
are specifically distinct, although scarcely any of them would 
have come to such an opinion before the experiment of 
crossing had been tried. 

Wiegmann diversified as much as possible his mode of 
bringing about these irregular unions among plants. He 
often sowed jiarallel rows, ru^ar to each other, of the species 
from which he desired to breed ; and, instead of mutilating, 
after Kdlreuter’s fasliion, the plants of one of the parent 
stocks, he merely wnslif'd tln^ pollen off their anthers. The 
branches of the plants in each row were tlien gently bent 
towards each other and infer! wIiuhI ; so that the wind, and 
numerous insects, as th(‘y jiassed from the flow(TS of one to 
those of the other si)ecies, carried the pollen and produced 
fecundation. 

When we consider how busily many insects are engaged 
in conveying antluir-dust from flower to flower, especially 
bees, flower-eating beetles, and the like, it seems a most 
enigmatical probhnn how it can happen that promiscuous 
alliances between distinct species are not perpetually oc- 
curring. 

How continually do we observe the bees diligently em- 
ployed in collecting on their hind legs the red and yellow 
powder with which the stamens of flowers are covered, and, 
after passing from one flower to another, carrying it to 
their hive for the ])urpose of feeding their young ! In 
thus providing for their own progeny, these insects assist 
materially the process of fructification.* Few persons need 
be reminded that the stamens in certain plants grow on 
different blossoms from the pistils; and, unless the summit 
of the pistil be touched with the fertilising dust, the fruit 
does not swell, nor the seed arrive at maturity. It is by the 
help of bees, moths, and other insects, that the development 
of the fruit of many such species is secured, the powder 
which they have collected fi'om the stamens being uncon- 
sciously left by them in visiting the pistils. 

A vast amount of plants are hennaphrodite, yet Mr. Dar- 
win, following up the views suggested by Andrew Knight, 

* See Barton ‘ On Geography of Plants,’ p. 67. 



Ch. XXXVI.] THJE HYBRIDISATION OF PLANTS. 


811 


has proved experimentally tiiat even with such plants the 
intermarriage of two separate indi^dduals gives more vigour 
and fertility to the offspring than if the female organs ore 
fertilised by the pollen of males of the same individual. The 
whole arrangement of the flower may seem to be made for 
the purjx)se of close interbreeding, and yet insects and other 
means are employed by nature for crossing the hermaphro- 
dite with another individual of the same species. 

How often, during the heat of a summer’s day, do we see 
the males of dioecious plants, such as the yew-tree, standing 
separate from the females, and sending off into the air, upon 
the slightest breath of wind, clouds of Inujyant pollen ! That 
the zephyr sliould so rarely intervene to fecundate the plants 
of one species with the anther-dust of others, seems almost to 
realise the converse of the miracle bcdieveil in by the credii- 
loUvS herdsmen of the Lusitaniau mares — 

C>roorutiOH xer^iv in Zt-phyrum, ^-t.-int rupilnis altin 
ptfiiiltjut* IdV^'.s auras: et sa-ju* sitif uUih 
C onjuj^iis, vt-iil/* gravi(I;L‘, rninihile dii’tu.* 


Mr. Darwin has discovered tlial when a flower is fertilised 
by the wind, it never has a gaily cohnired corolla; but when 
its fertilisation d<‘pends on the aid of insects, the flowers are 
conspicuous in colour and size, evidently in order to attract 
their observation. t 

AVlien w’e consider the facility with which the skilful 
gardener produces hybrid races, it seems strange that we do 
not oftener meet with hybrids in a state of nature. But it 
must be remembered that the conditions in the two cases are 
very different. 

The stigma imbibes, slowW and reluctantly, the grannies 
of the pollen of another species, even when it is abundantly 
covered with it ; and if it happen that, during this period 
ever so slight a quantity of the anther-dust of its own 8j)ecies 
alight upon it, this is instantly absorbed, and the effect of the 
foreign pollen destroyed. Besides, it does not often happen 
that the male and female organs of fructification, in different 
species, arrive at a state of maturity at precisely the same 

* Georg, lib. iiL 273. f Origin of Species, 4th edition, p. 239. 
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time. Even where Buch gynchronism does prevail, so that a 
cross impregnation is effected, the chances are very nume- 
rous against the establishment of a hybrid race. 

The greater part even of those seeds of wild plants which 
are well ripened are either eaten by insects, birds, and other 
animals, or decay for want of room and opportunity to ger- 
minate. Unhealthy plants are the first which are cut off by 
causes prejudicial to the sjiecies, being usually stifled by more 
vigorous individuals of their own kind. If, therefore, the re- 
lative fecundity or hardiness of hybrids be in the least degree 
iufi*rior, they cannot maintain their luoting for many gene- 
rations in a wild state. In the universal struggle for existence, 
the right of the strongest must eventually prevail; and the 
strength and durability of a race depend in a great degree 
on its prolificness, in which hybrids are acknowledged to be 
generally deficient. 

It is admitted on all hands, that in proportion as the 
species of animals and plants are remote from each other in 
structure they are averse to sexual union ; and thut species 
which the zoologist and botanist would usually cUivSS as dis- 
tinct most commonly rt‘fuse to unite, and if they can be 
crossed and produce offspring, tbe hybrids are sterile. When- 
ever we find that two races regarded by many as true species 
will produce fertile hybrids, wc* are reduced to the dilemma 
of choosing between two alternatives; either to reject the 
test of hybridiiy, or to declare that the two species, from the 
union of which the fruitful progeny has sprung, were mere 
varieties. If wh? prefer the latter, w^e are compelled to 
question the reality of the distinctness of all other sup- 
posed species which diSer no mure than the parents of 
such prolific hybrids ; for although we may not be enabled 
immediately to procure, in all such instances, a fruitful 
offspring, yet experiment show that sometimes, after re- 
peated failures, the union of two recognised species may at 
last, under very favourable circumstances, give birth to a 
fertile progeny. 

Two kinds of pheasant, our common species, Phasianus 
colchicnBy and P. torquatns, breed together, and the hybrids 
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are perfectly fertile.* The two pimpernels, os before stated 
(p. 809), cannot be crossed. 

Tendency of differetit races of domestic cattle and sheep to herd 
apart , — Although more than one species of wolf as well os the 
jackal have been crossed with the dog (see p. 294), and this 
mixture is supposed to have contributed somewhat to the great 
diversity of our artificial breeds, yet these same wolves and 
the jackal keep distinct in a wild state. So also inoi'c than one 
of the aboriginal races or sub-species of European wild cattle, 
W’hich kept distinct in prehistoric times, have now been 
blended and confounded together, and 4‘ven the humi>ed cattle 
of India have been crossed with our domestic varieties and 
have produced fertile ofispring. Two species of wild pig, as 
before stated, the Europt*an Shh scrofn and the Sus Indira^ 
have also been confounded together in some of (Uir domestic 
races. Yet there is every reason to believi^ that such mixtures 
would not have occurred in a state of naturt‘. This may be 
explained simply by the {)nder(Uiee which animals (Exhibit to 
unite with others of the same race rather than with tliose 
which differ cmisidt^rably from them. 

In Paraguay the horstis have mu(‘h freedom, and those of 
tlie native race of the sanu* c<»hmr and size prtder associating 
together ratlier than with impo3*ted liorses. Three dis- 
tinct sub-races of the horse in Circassia, whilst living nearly 
a free life, nd’rain almost always from crossing. It has 
been obseiwed, in a district stocked with heavy Lincoln- 
shire and light Norfolk sh(‘ep, that botli kinds will, when 
they are all turned out together, Mn a very short time 
separate to a sheep;’ the Lincolnshires drawing off to tht^ 
rich soil, and the Norfolks to their own dry light soil ; and 
as long as there is plenty of grass, " the two breeds keep 
themselves as distinct as rooks and pigeons. In this case 
different habits of life tend to keep the races distinct.’! 

The origin of a new race of shl^ep, recorded in the Philo- 
sophical Transactions for 1818, also illustrates the disposition 
of even closely related varieties to herd apart, and has 
also been cited by Professor Huxley as pjroving the strong 

* Origin of Species, 4th edition, p. 300. 

t Darwin ‘ On Variation,’ chap. xvi. p. lo2, who cites MarKhalL 
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tendency which there is in a newly arisen variety to be per- 
petuated. ‘ A farmer in Massachusetts pos.sessed a flock of 
fifteen ewes and a rarn of the ordinary kind. In the year 
1791 one of the ewes presented her owner with a male lamb, 
differinfj from its parents by a proportionally long body and 
short bandy legs, whence it was unable to emulate its rela- 
tives in those sportive leaps over the neighbouring fences, in 
wliich they were in the habit of indulging much to the good 
fanner’s vexation. His neighbours imagined that it w^ould 
be an <*xcellent thing if all his sheep w'ere (uidiied with the 
stay-at-home tendencies enforced b}' nature upon the newly 
arrived ram, and they advised Wright to kill the old patriarch 
of his fold and instal the “ otter,” or “ Ancon ” ram in his 
])la(;(?. The result justified their sagacious anticipations. 
Young lambs were almost always ])ure Ancons or pure 
ordinary sheep, and when sufficimit Ancon sheep were ob- 
tained to interbreed with one another, it was found that the 
offspring was always pure Ancon. In this well-authenticated 
instance we have a distinct race estai)lished at once or by a 
leaj), and that race breeding true. When the Ancon sheep 
wer«‘ herded with oth(‘r sheep they ki^pt tog(‘ther, so that it 
was believed that this brewed might have been indefinitely 
j»rotract(‘d, had it not been siiperseded by the introduction 
of tht» Merino slu‘ep, which were not only superior to the 
Ancons in wool and meat, but were e(|ually ephet and 
orderly.’* 

Pnllds on donu'sfiriti/ vUminatiog Corn'latlon of 

growth , — Pallas has remarkt'd that domesticity eliminates 
the tendency to sterility wdiich belongs to nearly allied 
species in a state of nature. As bearing on this subject, Mr. 
Darwun observes that there are many animals wdiieh, when 
tamed or subjugated to man, refuse to breed in captivity, 
although they enjoy perfect health, as the tiger, for example, 
in India, and parrots in Europe, and the elephant except 
when allowed, as in Assam, to miige in a half- wild state in 
the woods; a fact showing how easily sterility may be 
superinduced when habits long fixed, as well as many of the 

• Huxley, Westminster Review, 1860. Article on Darwin ‘On the Origin of 
Species.’ 
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conditions of existence in a wild state, are interfered with. 
But those species which more readily accommodate themselves 
to new circumstances arising out of their association with 
man, and which can be carried by him to all climates, exhibit 
the same plasticity of chanicter in reference to the repro- 
ductive organs. 

It cannot, however, be pretended that a satisfactory expla- 
nation can be offered of the ttuidency of domestication to in- 
crease the prolifieness of animals and plants. In reft'rence to 
the opposite effect of a return to the wild stat(\ the following 
fict is worthy of mention. About the year 1419 some nibbits 
were introduced into Porto Santo, one of the Miideira islands, 
wliere they multiplied exceedingly, and havf* flourisht»d ever 
since in a feral state. In many c>f tlunr charact<‘rs they con- 
stitute a marked race, ndnch is smaller tlian tln» original 
parent stock. When two id* the males wtnv brought to the 
London Zoological (hirdens, they refus(Ml to pair with any 
varieties of domestic rabbits, isolation for uinny generations 
\iiuler peculiar geographical conditions leaving apparently 
superinduced an aversion to cross even with such netirly allied 
races. 

If two wild species, such as tlie wolf and the* jackal, can by 
the intervention of man br» made to breed logtUher and the 
off'spririg prov(‘s fertile, such a result must shake our faith 
ill the theory that species have been s{>ecially endow(*d with 
mutual sterility in order to keep them distinct. It is certainly 
very strange that wlien domesticated races have beem mode 
to differ to such an extent that if wild they would have been 
referred by naturalists to different genera, there should still 
be scarcely any well-attested examples even of an approach 
to sterility in their mongrel offspring. It is all the more 
strange if we are i)ersuaded of the truth of Mr. Darwin’s 
view, that the whole organisation of an animal is so tied to- 
gether, that when even slight variatfons occur in any one part 
other parts usually become modified. 

Among many other illustrations which he gives of this 
principle, called by him in the ‘ Origin of Species ’ ‘ correla- 
tion of growth,’ and in his last Work ‘correlated variability,’ 
he mentions that pigeons with feathered feet have skin 
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between their outer toes, pigeons with short beaks have small 
feet, and those with long beaks large feet; and some 
instances of correlation, he remarks, are quite whimsical: 
thus, cats which are entirely white and have blue eyes are 
generally <leaf. One case is recorded where the blue iris at 
the end (if four months began to grow dark-coloured, and 
then the c*at began to hear.* 

If the sterility of the mule offspring be due, as the same 
naturalist suggests, to the imjierfection of their reproductive 
organs arising fnjin the blending together of two different 
structurt^H and constitutions, which causes a disturbance and 
interferes with the (h‘vel(»pnient of the embryo, we might 
have expected lliat differences affecting jiermanently not 
only the external form and shape, but even the shape of the 
skull in many verbdmite Jinimals, as well as their iiistiiiets 
and habits, would have been accompanied, wdnui such fixed 
varieties \vere crossed, with a disturbance in the reproductive 
organs and consequent sterility in the hybrids. 

At the same time we must remember that the greatest 
changes in races have been brought about by stdectioii, and 
it has never been the object of man to modify the reproduc- 
tive organs with a view of producing two races mutually 
sterile, nor, if he wished to make such an experiment, would 
he know in what manner to proceed. Moreover, we have 
seen how })ossible it is to alter the foliage of plants without 
their se(*ds varying, or to change their seeds, fruit, or llowers 
wuthout the character of the root or leaves being attected. 
It is in fact established, in spite of " correlation,' that we may 
cause some organs to be greatly modified, while another 
to which we have not directed our attention may continue 
almost or entirely unaltered. In the next chapter, when we 
treat of Natural Selection, we shall have again to consider 
in what way the varieties of wild species may be supposed 
to have depjirted so far in the course of ages from the parent 
stock and from (?acli other as to be incapable of being crossed, 
notwithstanding the fact which seems directly opposed to 
such a result, that a slight amount of variation in indi- 
viduals of the same species when they are intermarried in- 
fuses fresh vigour and increased fertility into the offspring. 

♦ Dr. Sichet, cited by Darwin ‘On Variation/ p. 320. 



317 


CHAPTER XXXVII. 

NATrRAt, 8ELECTI0K. 

NATCRAL ( OVPARKH to AKTII'UTAL MKl KrTl*>N — rKNl>KNi'V IN EACH 

M'Ki'lKS Tt> MVLTIPI.Y HF.YoNI> THK Ml-ANft ol“ M HMsTENCH TKUMs * hKJ.IvC- 
TION ’ AND ‘st'RViVAl. OP THK FirrK*<T ‘ GREAT Nt'MHKH AND VAKIKTV OP 
THE NATl tt\l. (^iXDITloNs oK KM^iTENCK OX WHICH THE (OX^lAXCY OR 
VARIATION OP A SrK(lF> DKPKND'* — A( Cl lMATl*lATIoN Oh SpK< IhH- THK 
INTKIfCRONSIXG oh J*l,PiHT WRIKITI.S RKNKl Id Al.— RKEVDIN(» IN AND IN 

iN^riiiors- -wn D HYHRiD PI Avr**. and opixi<»N> or i.fXM:cs ns protkan 

GKNKRA DP CAMHH I E ON Wl! D HYPHIDm HYUHIDITY Wil l NOT AK oPNT 
Poll »PPaTAP lNATJN("r^ THK SPPCIKm op l•O^YMoWP^D»^ IJKNKRA WORK 
VARIAIMK AND ( oMPA laTI VH.V MopKRN — Al.TPHNAfT: GKNERAITON DOl.?< 
KOT KXPPALV THK ORIGIN oP NPW SPK< IKn. 

JL JS COM V ARE!) TO ART! El Cl AL SEJJATIOX . — Tu 
the last chapter we have spekcMi of tlie ^reat (‘hao^es whicli 
man has brought about in ibe courHe of many gimeratious 
in the form and characters of animals and plants, by select- 
ing certain useful varieties of a species, and bnjeding from 
them to the exclusion of otln^r varhdies h^ss profibible or 
pleasing to him. In this way he has gone on aiammulating 
differences in successive generations until n(;w races have 
been formed as distinct in outward shape, and Hometim<*8 in 
the internal structure of im{>ortant organs, as an^ most of 
the species which we meet with in nature ; th(^ races, how- 
ever, thus artificially produced bedng distinguishable from 
wild species by the fertility of the offspring produced by their 
union. 

We may next consider the modification of species effected 
by variation and what Mr. Darwin lias called ‘ natural selec- 
tion,’ of which we gave a brief analysis in Chap. xxxv. 
How far do the breeder, the agriculturist, and gardener, 
when they form new races, simply imitate a process by 
which, in a much greater lapse of time, nature causes still 
more important deviations from the original type ? 
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Of the laws which may govern variation we are, as Mr. 
Darwin admits, profoundly ignorant ; and if, as seems pro- 
bable, tliese laws embrace the principle of progressive 
develoj>ment explained in the first volume (Chap, ix.), they 
must be of so high and transcendental a nature that we may 
well despair of ever gaming more than a dim insight into 
them. But granting what is undcuiiable, that there is a 
tend(‘ucy in all animals and plants to i)OS8ess individual 
peculiarities by which they differ slightly from their parents 
and from <‘ach other, are then* not forces in oj)eration in 
the organic and inorganic world, which, in the course of 
thousands or millions of generations, may cause new mces, 
varying more and more in a particular direction, until at 
length they constitute new species P If tluTO be such a 
proCi\S8 in nature, it Avill most ni‘arly resemble that kind 
of human selection which has been called ‘ unconscious,’ 
and which for reasons explained in the last chapter is 
even more effective in the long run than that which is in- 
tentional. 

Tendency ui each speciCH to muliijdy heyohd the means of 
sahsisteuce , — It has already been stated that if all the 
progeny of each animal and plant which are born into the 
world vvi*re alluwc'd to come to maturity, a single species 
would soon till the whole of the habitable laud or w'ater. 
Malthus long ago pointed out, that in the case of man, if his 
capability of increase were not cheektHl by scarcity of food, 
the earth w^ould soon fail to afford standing-room fin- the 
desceudanis of a single pair. The elephant, says Darwin, 
although reckoned the slowest breeder of all known animals, 
would nevertheless so multiply, if we assume that it only 
begins to have young when thirty years old, and brings forth 
three pair between that age and the age of ninety, that if all 
its descendants i.vere to live out the term of their natural 
life, at the end of five centuries there would be fifteen mil- 
lion elephants descended from a single pair. 

In the severe struggle for existence which is always going 
on, those varieties of species wdiich have any even the slight- 
est advantage over others inhabiting the same district will 
be the survivors. They may be able to bear a degree of 
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cold or heat, moisture or dryness, which others cannot 
endure ; they may have strength or agility to escape fvx^s to 
which others must fall victims ; but the great trial, as before 
hiuteil, consists in the capacity of maintaining their ground 
at that season of the year when food is scarcest. 

^ Xfttnral Sehciion' or ^Survival of the fittest f ---Mr. Her- 
bert Spencer has proposed to substitute for ‘Naiunil St*kH.v 
tion ’ the term ‘Survival of the fittest;’* an expn*ssion 
which is oft(‘n very approj)riate, ami wliich some naturalists 
prefer, because the various causes wluch in tin* natural 
world enable one variety or race to ]>r(»vuil over another, act 
according to fixed laws, ami do not imply a conscious choice 
like the selection of the breedtT. But the metaphor em- 
ployed by Darwin appears to me legitimate and often useful, 
as remimling us of the dost* anal<»gy which <‘xists b(*twe<ui tho 
manner in which nt*\v rat'cs an* fi>rm»*d by man and the way 
in which it is supposed by Darwin and Wallace* that th(*y an* 
slowly prt)duced by nature. Professor Huxley in his com- 
ments on Hus subj<*(*t (»bservt‘s, tliat the winds atid waves of 
the Bay of liiseay in tin* district called the Landes near 
Bordeaux liavt* sj)read out t^ver a wide art*a great hea[)S of 
sand all the grains of which art* below a certain size. These 
grains have l)een st*[)arated from the* larg(‘r gravel witli as 
mucli precision as if by the aid of a sieve. That which tlie 
wind ami tlu* sea are to a sandy beatdi the sum of all ilic 
influences wliich we term the conditions of existenct.* is to 
living organisms. The weak are sifted out from tho strong. 
A frosty night selects the hardy plants in a plantation from 
among the tender ones as eflectually as if the intelligence 
of a gardener had been ojXTative in cutting tin* weaker 
organisms dowii.t 

If the reader will reflect on the changes in the earth’s 
physical geography ami climate which were alluded to in the 
first volume (Chapters xi. and xii.), as having occurred in 
the course of geological jieriods, he will not fail to perceive 
that the new' conditions to which plants and animals inhabit- 
ing any given province must be exposed will be far more im- 
portant in the aggregate than the change of circumstances to 

* Principles of Biology, 444. 

t Nat. Ilist. Rev., Vol. p. 578, * On Origin of Species.’ 
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wWch man can in a few thousand years subject any animal 
or plant under domestication. 

Were we to attempt to enumerate all the conditions which 
Mr. Herbert Spencer has concisely termed the ^environ- 
ment’ of a species, they would be almost endless. They 
would comprise not only the mean temperature of the air or 
water, but the extreme heat or cold in the different seasons 
of the year, the quantity and intensity of sunshine at dif- 
ferent p(»riod8, tlie number of clear and of rainy days, the 
quantity of ice and snow, the direction and stren^h of the 
wind, the j)ressure of the* atmosphere and its electrical state, 
the nature of the soil, its eh^vation above the sea, the habits, 
instincts, and prop(‘rties of hundreds of conteTnpoi*ary 
anirnals and phuiis, some of them friendly, others inimical, 
the comparative abundance or rarity of those species on 
which the food of a ^dven animal or plant may depend — cir- 
cumstanc**8, many of them, wludly beyond the control of the 
hre('(l(*r or liorticulturist. All of tlnun, moreover, are brought 
into play by natural s<dectioii with a uniformity and persis- 
tency which man cannot (‘inulate. 

Dr. lIook(T aacculained that the average range in vertical 
height of flowering }>hints in the Himalayan mountains 
amounted to 4,000 feet, and the uj)per and lower limits of 
some species are ev(*n distant from each other as much as 
8,000 f(*et. If we transplaut individuals which inhabit the 
higher limits in these mountains into our British gardens, 
we find that they are hardier, and better able to stand 
the cooler climate of England, than those taken from 
the inferior or warmer stations. This acclimatisation has 
l>een the result of natural selection during thousands of 
generations. The physiological constitution of the plant has 
been acted upon, and a hardy race established, although the 
change may not have been sufficient to cause it to rank as 
more than a variety. It may sometimes be more dwarfed 
in size than individuals of the same species living in the 
moist and hotter region far below. It may perliaps vary 
slightly in the colour of its flow ers, and, if deciduous, in the 
period of shedding its leaves or in its general habits 
of growtli. Yet its characters may not be on the whole 
sufficiently distinct to induce the botanist to rank it as 



Ck. XXXVIL] INTERCR08SI5a OF VAiUCTIES BENEFICIAL 321 


more than what is called a geographical variety. In arriving 
at such an opinion he may perhaps be chiefly guided by 
his ability to trace in the individuals inhabiting all the 
intermediate heights a gradual passage from one extreme 
of the series to another. 

Intercrosiiin<f of slight varieties hctuiiciaL — It would be an 
interesting experiment, and one which has not yet been 
made, to cross individuals taken from the lowest station with 
those hardier races which have been formed by acclimatisa- 
tion in the upper regions of the mountain, and ascertain 
whether they Avould produce as much st?ed as individuals 
fertilised by the pollen of plants of the same station. If 
there were any signs of comparative st(U*ility in such crosses, 
is would afford an indication of the commencement under 
nature of that character wdiich distinguishes wild sj)ecies 
from artificially formed races. There is gcK>d reason, how- 
ever, to believe that Lffore any difficulty of ert)ssiug, or any 
deficiency of prolific power in the offspriiig, would he appa- 
rent, the races must depart so widely from each other that 
their distinctness as species would alri*ady he a debateable 
question with the naturalist. And this brings us to the 
principal obstacle which we encounter wlnui we endeavour to 
refer the gradual formation of a new siH^cies to variation 
and natural selection. If some degree of sterility was found 
in the offspring of slight varieties, and this want of prolific 
power went on augmenting in projX)rtion as the deviation from 
a common stock became more and more marked, the fact that 
closely allied species inhabiting the same region keep distinct 
would be intelligible. But the phenomena arci precisely the 
reverse. Instead of any reluctance being exhibited by slight 
variations to intermarry and propagate their kind, their in- 
termixture, on the contrary, takes place freely and infuses 
fresh vigour and fertility into the species. Individuals of 
the normal type are always the most numerous, and slight 
varieties are usually soon merged in the general average, so 
that the new characters disappear. In some cases where 
the races are so wide apart as to be thought by some to 
belong to distinct species, it is only necessary to cross their 
mongrel or hybrid offspring with pure individuals of one of 

VOL. II. T 
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the two parent stocks for six or sometimes eight generations 
in succession, and every trace of the foreign admixture will 
be lost. The mutual absorption in this manner of the 
Euroi>ean and negro races the one into the other, by a 
certain number of intermarriages with one of the two stocks, 
has bt^en frequently verified. The efficacy of the principle 
above adverted to, in causing species to breed true for ages, 
and checking lawless divergence, in spite of the numerous 
varieti(‘.s which occur in every generation, is obvious ; the 
only difficulty is to conceive how, if there be such proneness 
in each aberrant form to merge into the normal type, a new 
and permanent species can ever be established. It would 
seem to require prolonged isolation under altered conditions, 
such as may occur in different parts of the same continent, or 
still more frequently in different islands of the same archi- 
pelago. But we have yet to learn what degree of divergence 
must be attained in two races sprung from the same stock 
before a decided disinclination to breed together will arise, 
and how much farther this must be carried before the off- 
spring of the cross, if produced, will be sterile. 

Brecilincf in and in injnrums . — It has already been stated 
that certain domestic races prefer breeding with their own 
kind ; while, on the other hand, it is well ascertained that too 
much breeding in and in has an injurious effect. 

The half- wild cattle which have been kept for four or five 
centuries or more in British parks, as in those of Lord 
Tankerville and the Duke of Hamilton, where the total 
number varies from sixty to eighty, are relatively far less 
fertile than the enormous herds of half wild cattle in South 
America. But even in the latter ease it is believed that the 
occasional introduction of animals from distant localities is 
necessary to prevent degeneration in size and fertility.^ 
The decrease in bulk from ancient times of the British cattle 
alluded to must, says Darwin, have been prodigious, as ac- 
cording to Riitimeyer they are the descendants of the gigantic 
Boa primigenhis. The Chillingham cattle are white, but 
this is partly due to selection, as dark-coloured calves are 


Darwin * On Variation,’ chap, xvii., who cites Aeara. 
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occa«ionally destroyed. In the Pampas, in Texas, or in 
Africa, where cattle have run wild in large herds, they have 
acquired a nearly uniform dark brownish-red.^ A breed 
called Niatas, seen by Darwin on the banks of the Plata, 
has a short and broad forehead and other peculiarities in the 
shape of the skull and in the projwtion and curvature of 
the lower jaw. In this variety scarcely a single bone agrees 
exactly in shaix^ with that of the common ox. This breed, 
which has existed for at least a century, is a good illustration 
of the manner in which a marked variety may be fonm^d in 
a nearly wild state, and of the bmdency of such a new race, 
when brought into contact with other breeds, to keep distinct. 
Such a tendency may point to tin* manner in which, in the 
course of many generations, if man did not interfere, a greater 
divergence firoin a common original jind a more* decided 
aversion to sexual union might be superinduee»d. If tln^ lapse 
of time necessary for such transformations be very great, the 
extinction of intonnediate races will take j»lace, by which a 
new biir to the commingling of the nean*st allied types will 
be raised. 

In 8pc*culating on this subject, Mr. Darwin remiiuls us 
that a slight cliange in the eonditious of life is found to be 
very generally advantageous to cultivated animals and plants, 
although we kiio^v that great changes are sometimes injurious. 
So, in the case of man, the invalid whose constitution will Ik* 
benefited by going from England to the South of France or 
Madeira, may perish if transferred to Fernando Po. We 
may easily imagine, that, although the crossing of most of 
the varieties of cultivated plants and animals imparts strength 
and fertility to them, yet under nature, and in the course of 
ages, the variation may l>e carried so far as to modify the 
reproductive organs, and render the formation of a fertile 
hybrid germ impossible. t 

The refusal of many tamed animals to breed in captivity, 
bos been alluded to, and it demonstrates the susceptibility 
of the reproductive system to be affected by a change in 

* Azara and others, cited by Darwin f Darwin ‘ On V’ariation/chap. xriii. 
* On Variation/ p. 86. 
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the natural conditions of life. That changes greater in 
degree or even equal, but continuing uniform] j in force 
for many thousands of generations, should bring about 
the nmtual sterility of two allied races or species, is quite 
conceivable. 

If this point of divergence had been readied by the breeder 
or horticulturist, the derivability of a new species by gradual 
deviation from an old type would almost have ceased to be a 
debateable question in natural liisKjry; but perhaps the 
teiulen(jy of varieties to keep separate is as much as we 
could exjKjct to see produced in the limited time over which 
our observations can have extended, more especially if (as 
is believed by some naturalists) domestication has itself a 
tendtuicy to eliminate sterility. 

Allusion has been made to the extinction of intermediate 
varieties. Tliis would happen the more readily on the prin- 
(dple well pointed out by Darwin, that in order that a given 
area should support the greatest number of individuals, these 
ought to belong to a great many widely dissimilar types ; and 
what is true of genera, must sometimes be true of the races 
of a species. There may be room for those wliicli represent 
the 1 ‘xtrenie terms of a series, and no equally advantageous 
place for those of intermediate characters. 

Wild hybrid planitt^ and opinunis of Linnwn^ on protean genera, 
— If wild species were not averse to intermarry, or if their 
liybrid oflspring were not almost always sttTile, it is obvious 
that in a few generations there would be a blending together 
of all existing types, and we should behold everywhere that 
state of confusion which we now only meet with in certain 
exceptional cases. 

To the occasional occurrence of protean or polymorphous 
genera, as they have sometimes been called, where a great 
number of closely allied species occur, Liniiseus makes 
frequent allusion in his writings. He was evidently unable 
to reconcile the phenomenon with liis dogma of the immu- 
tability of primordially created species. Iii an address to 
the University of Upsala in 1751,* he gave a list of nearly 
thirty ‘prolific’ genera of plants, in which the species 

♦ Linnaeus, ‘ Plant® Hybrid®/ 32nd HisscTtatiuu of the Amoenitat^s Academic® 
vol. iii. p. 28-62. 
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were of doubtful or suspicious value ; enumeratiug, among 
others, the willows and saxifrages in Europe, the oaks and 
asters in North America, the cactuses in South America, the 
heatha and everlastings at the Caj>e ; in each of which there 
were so many intermediate gradations between what an* 
commonly called allied species, as to make their origin a 
curious subject of enquiry. He considered how far liybri- 
disatioii could explain the enigma, and having his new dis- 
covery of the sexuality of plants uppermost in his mind. In* 
was disposed to exaggerate the extent to which tliat catise 
might have been efficacious in originating new forms. Hy- 
brids, he sa}*8, are not always sterih*, and not only species, but 
even genera, may have arisen from this source.* But in a 
great inanj' instances, when he sj^eaks of one species being 
derived*froin an older one, aiid when he calls allied species, 
which inhabit distant countries, ‘ sisters,’ as being of common 
origin, and when he remarks of several forms that they had 
their first origin from one and the same source, he is evidently 
speculating on the origin of specues by variation. In this 
spirit he avowc'diy grouj)s many forms of Ophrya, V<tleri<inrlhty 
Myosotisy Medirayo, and other genera under single collective 
specific names, b(*eause, he says, aftiT a comparison of a great 
number of them, all the forms will be S(‘eu to liave had their 
origin from one source. He ev(*ii throws out tlie id(‘a tliat the 
day may come when botanists may hold that all the species 
of the same genus may have sprung from the sanu‘ rnother.t 

The occurrence in a state of nature of some hybrids, 
although rare, is admitted by all botanists. Centaxurn lnjftruhf 
is produced, ac^cording to Herbert, by the freijnent inter- 
mixture of two wtill-known species of Ceiitaurea; but this 
hybrid ra(^e never seeds. Rimuncxthis lacerasy also sterile, has 
been produced accidentally at Grenoble, and n(‘ar Paris, by 
the union of two ranunculi ; but tliis occurred in gardens. J 

* ' Novas species, immo et genera ox eminent Swe<iiHh naiuralisttH, 1 
copuU diversarum specierum in Kegno P'ries and Ivoven, har.* kindJy 
Vegftabili oriri/ etc. — Amcen. AdKdem. out to me thcHc and many othe*r 

orig. ed. 1744, ed. Holm. 1749, vol. i. eagew in which LinniffUtf bhowh tliat ho 
p. 70. had freely Kpeeuhited on the variability 

t ‘Tot fipecies dici congeneree quot and tmnsnnitation of effCoieH. 
eadem matr© hint progen itie.’ — ^Amoeni' t Hon, and Kev. W, Herbert, Hort. 

tAte« Academicae, rol. vi. p. 12. Two Trans., vol. iv. p. 41. 
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Mr. Darwin has lately (in the gurnmer of 1867) satiahed him- 
self by experiment that the common oxlip is a natural hybrid 
between the primrose and cowslip, and these two last he 
considers to be distinct species. Mr. Herbert, in one of his 
ingenious papers on mule plants, endeavours to account for 
their rare occurrence in a state of nature, from the circum- 
stancH* that all the combinations that were likely to occur 
havi' already been made many centuries ago; but in our 
gardens, he says, whenever species, having a certain degree 
of aflinity to each other, are transported from different coun- 
tries, and brought for the first time into contact, they give 
rise to hybrid species.* 

I)i Candolle 8 ojnnionH , — Auguste De Candolle, in his Essay 
on Botanical Geography, published in 1820, observes that 
the varieties of plants range tlieni8elv('8 under two ‘general 
heads : those produced by external circumstaneesj, and those 
formed by hybridity. After adducing various arguments to 
show that neither of these causes can explain the permanent 
diversity of plants indigenous in different regions, he says, in 
regard to the crossing of races, ‘ I can perfectly comprehend, 
without altogotlnu' sharing the opinion, that, where many 
8peci(‘H of the same gmuTa occur near together, hybrid species 
may be formed, and I am aware that the great number of 
specii?s of certain gencTa which are found in particular regions 
may be explained in this manner ; but I am unable to conceive 
how any one can regard the same explanation as applicable 1o 
specie's which live naturally at great distances. If the three 
larches, for example, now known in the world, lived in the 
same localities, I might then believe that one of them was the 
produce of the crossing of the two others ; but I never could 
admit that the Siberian species has been produced by the 
crossing of those of Europe and America. I see, then, that 
there exist, in organised beings, permanent differences which 
cannot be referred to any one of the actual causes of varia- 
tion, and these differences are what constitute species.^ t In 
this passage De Candolle assumes *that the actual causes of 
variation have their strict and definite limits ; an hypothesis 

^ Hon. and Rev. W. Herbert, Hort. TranB., vol. iv. p. 41. 

f Essai E16mentaire, &c. 3i^me partie. 
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which the advocates of transmutation say, and not without 
reason, is quite as arbitrary as the opposite or rival assump- 
tion of indefinite modifiability. 

Hybridity will not account for special inutinetm . — As to the 
derivation of species in general from the mixture of a 
limited number of original stocks, differing widely from each 
other, all our experience is against such an hypothesis ; for 
between plants or animals of very distinct genera we can 
obtain no cross-breeds. Nor is it easy to comprehend how 
species of intermediate character between two divergent 
types could give rise to a mongrel oflspring having qualities 
and instincts fitting them to hold their ground in the struggle 
for life. 

If we take some genus of insects, such as the bee, we find 
that each of the numerous species has some difference in its 
habits, ita mode of collecting honey, or constructing its 
dwelling, or providing for its young, and other particulars. 
In the case of the common hive bee, the workers are described, 
by Kirby and Spence, as being endowed with no less than 
thirty distinct instincts.* So also we find that, amongst a 
most numerous class of spiders, there are nearly as many 
different inodes of spinning their webs as there are species. 
When we recollect how complicated are the relations of 
these instincts with co-existing species, both of the animal 
and vegetable kingdoms, it is scarcely possible to imagine 
that a bastard race could spring from the union of these 
species, and retain just so much of the qualities of each 
parent stock as to preserve its ground in spite of the dangers 
w hich surround it. 

The theory of the origin of species by variation and natural 
selection would be untenable, unless we could assign very 
different degrees of antiquity to the generic and specific 
types now existing. Some of them must date fron remote 
geological periods, others must be comparatively modern. 
Of this last class are those forms of which the living re- 
presentatives run so much the one into the other that 
scarcely any two naturalists can agree as to where the lines 


• Intr. to Entom. vol. ii. p. 604. 1S1 
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of demarcation between the species ought to be drawn. 
The British roses present a &miliai* illustration of this 
ambiguous state of things, Mr. Benthain making only five 
species of them, and Dr. Babington seventeen. Mr. Darwin 
sees in this abundance of closely allied species an active 
manufacture of new races, and a want of time since their 
origin to bring about the extinction of the varieties which 
still link together the divergent members of the series, and 
he remarks that the species of these polymorphous genera 
are unusually variable. When the reader has reflected 
on wdiat will be said in Chapter xlii. on the extinction 
of species, he will understand why, as a general rule, there 
are so many missing links, and why ‘ protean ’ genera are 
the exception. No clue to this enigma is afforded by the 
hypotliesis of special creation. On the other hand, if it had 
been found that fertile hybrids could spring from animals 
and plants which are remote in their organisation, the oc- 
currence of protean genera might certainly be explained ; but 
in that case they ought to have been universal, and the 
present condition of the animal and vegetable world would 
then bo a greater mystery than ever. 

Sexual selection . — A considerable number of the most 
striking external characters of animals are confined to one 
sex, such as the horns and canine tusks ol'ten found in the 
males only uf quadrupeds, the ornamental plumes, gay colours, 
and musical voict's of male birds, and the varied horns and 
excresceiiOi’s cd male insects. Mr. Darwin has shown that 
these characters are often useful to the males in their straggle 
for mates. Some actually fight together, and the possessor 
of the greatest strength and the best weapons will be the 
parent of the next generation ; others captivate the females 
by their beauty or their song, and these, by obtaining the 
earliest and most vigorous mates, will have the most nu- 
merous and most healthy oflfspring. Favoured individuals 
will thus have an advantage in the transmission of their 
peculiarities ; and in this manner, Mr. Darwin believes, have 
been produced tlie noble antlers of the stag, the sharp spurs 
of the cook, and the gorgeous train of the bird of Paradise. 
Sexual selection thus becomes an important supplement to 
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natural selection and may enable us to account for slnic- 
tures which could not be explained by the mere * preservation 
of favourable variations in the struggle for life/ 

Alternate generation . — The discovery in certain classes of 
invertebrate animals of what has been called ‘ alternate 
generation/ has suggested to some zoologists a possible 
inode by which Nature may usher abruptly into the world 
not only new organisms but even types of being of a higher 
grade than any which pre-existed in the same chiss. Certiiin 
sertularian polyps give birth to other polyps like themselves, 
and these again produce other individuals of the same form 
and structure, and this may continue for many generations 
till at last one of the series gives birth to a more highly 
organised creature called a Medusa. Formerly naturalists 
regarded this Medusa as belonging to a distinct genus or 
even family, of decidedly higluT or num‘ complex organi- 
sation than the Sertiilaria\ If then, it is said, under a 
change of conditions the Sertularia and th(‘ Medusa should 
each of them go on for an indefinite numbt*r of generations 
producing, according to the ordinary rules of inheritance, 
offspring like themselves, %ve should have an example of 
the coming into existence of a new and higher form withont 
the disappearance of the lower one from which it had betm 
evolved ; but, unfortunately for such speculations, nothing of 
the kind has ever been witiiess(‘d. The Sertularia, although 
it is hatched from an egg, never produces one, but simply 
gives birth to other polyps by wliat is termed internal 
gemmation, and when at length the male and female Medusa*, 
after sexual union, produce eggs from which the Sertularia^ 
are born, the whole cycle of changes returns into itself, just 
as do the metamorphoses of an insect. The same may be 
said of certain aphides, which, coining from an egg, give 
birth by gemmation to a sexual offspring, and these again to 
others like themselves, till at length some of their de- 
scendants produce perfect and winged males and females, 
from whose union eggs proceed, and then the cycle of trans- 
formation recommences. 

Even if there had been any indication of the Sertularia 
and Medusa becoming each of them independent of the 
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other, thi« phenomenon would not afford an illustration of 
what is usually meast by special creation, as the new form 
would still be evolved out of the older one by descent. In 
truth there are only as yet two rival hypotheses, between 
which we have our choice in regard to the origin of species 
— namely, first, that of special creation — and, secondly, that 
of creation by variation and natural selection. In the next 
four chapters I shall treat of the light thrown by the geo- 
graphical distribution of animals and plants on tlie claims 
of these two rival hypotheses to our acceptance. 
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CHAPTER XXXVIII. 

ON THE GEOGRAPHICAL mSTRIBCTION OF SPECIES. 

r.KiXjRAPHICAr DIPTRIBmON OF AKIMAI.S— BEFFON (»!€ SFKCIFIC m?nri?<CT- 
NR.M*^ OF QUADKCPKDH OF THE Ol.l> AND NEW WolU-HS ~ DOtTIllNK OF ‘NATVRAi* 
BAHRIKEh' — ACSTI iALlAN SIAR.srPIALU — OEiHJIiAPUICAl, UKIJITIOH OF KXTWr 
FO.*iSIL FORMS TO THKIU NKAUKST AM.IKH TIVISO OKNKI^A AKD SPRCIKH — 
OKOORAPHICAL PHOVINCKS OF BIRDS AC COR DINO TO DM. SC'IJITKR - TUEIK 
APPUCARILITV TO ANIMALS AND PLANTS OKNKUALLY — NKOTUOPU AL RKCJION — 
NKOAUCTlC--PAL,V^RmC- ETHIOPIAN INDIAN -ArsTUALlAN WALLACE OK 
THE LIMITS OF THE INDIAN AND ACSTKALtAK liKOlONS IK THE MAIAY 
ARCHIPELAGO. 

GEOaRAVHlCAL DI STHIIiVTlOX OF — AltllOUfjll in 

8i>eculating on ‘ philosophical possibilities/ said Bnffon, 
writing in 1755, ‘the same temperature miglit have been 
expected, all other circumstances being equal, to produce 
the same beings in diftereut parts of the globe, both in the 
animal and vegetable kingdoms, yet it is an undoubted fact, 
that when America was discovered, its indigenous quadrupeds 
were all dissimilar to those previously known in the Old 
World. The elephant, the rhinoceros, the hippopotiimus, 
the camelopard, the camel, the dromedary, the buifalo, the 
horse, the ass, the lion, the tiger, the apes, the balKions, and 
a number of other mammalia, were nowhere to be met with 
on the new continent ; while in the old, the American species, 
of the same great class, were nowhere to be seen — the tapir, 
the lama, the pecari, the jaguar, the couguar, the agouti, the 
paca, the coati, and the sloth. ^ 

These phenomena, although few in number relatively to 
the whole animate creation, were so striking and so positive 
in their nature, that the great French natumlist caught sight 
at once of a general law in the geographical distribution of 
organic beings, namely, the limitation of groups of distinct 
species to regions separated from the rest of the globe by 
certain natural barriers. It was, therefore, in a tmly philo- 
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sophical spirit that, relying on the clearness of the evidence 
obtained respecting the larger qnadmpeds, he ventured to 
call in question the identifications announced by some con- 
temporary naturalists of species of animals said to be common 
to the southern extremities of America and Africa.* 

In order to appreciate the importance and novelty of the 
doctrine, that separate areas of land and water were the 
abode of distinct species of animals and plants, we must look 
back to the times of Buffon, and see in what crude conjectures 
even so great a natunilist as liis illustrious contemporary 
Linnmus indulged, when speculating on the manner in which 
the earth may first have b(*come peopled with its present in- 
habitants. The habitable w'orld was imagined by the Swedish 
philosopher to have been for a certain time limited to one 
small tract, the only portion of the earth’s surface that was 
as yet laid bare by the subsidence of the priimeval ocean. 
In this fertile spot the originals of all the species of plants 
which exist on this globf^ were congregated together with 
the first ancestors of all animals and of the human race. 
‘In qua coniinodMiabitaverint animalia omnia, et vegetabilia 
lietfe germinaverint.’ In order to accommodate the various 
habits of so many (;reaturos, and to provide a diversity of 
climate suited to their sevt^ral natures, the tract in which the 
creation to(»k place was supj>osed to have been situated in 
some ^varm region of the earth, but to have contained a lofty 
mountain range, on the heights and in the declivities of 
which were to be found all temperatures and every climate, 
from that of tlie torrid to that of the frozen zone.f There 
are still jM^rhaps some geologists who adhere to a notion once 
very popular, that there are signs of a universal ocean at a 
remote period after the planet had become the abode of 
living creatures. But few will now deny that the proportion 
of sea and land approached very nearly to that now estab- 
lished long before the present species of plants and animals 
had come into being. 

The reader must bear in mind that the languaefe of Buffon, 

• Buifon, voL V. 1765 . — On the Vir- also Priehiird, Phys. Hist, of Mankind, 
ginian Ojx)Si8um. vol. i. p. 17, where the hypotheses of 

t ‘Be ioTTk habit&bili incremento; * different naturalists are enunierated. 
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in 1755, respecting * natural barriers * wbicb has since been 
so popular, would be wholly without meaning had not the 
^ographical distribution of organic beings led naturalists 
to adopt very generally the doctrine of specific centres, or, in 
other words, to believe that each species, whether of plant or 
animal, originated in a single birthplace. Reject this view, 
and the fact that not a single native quadruped is common 
to Australia, the Cape of Good Hope, and South America, 
can in no way be explained by adverting to the wide extent 
of intervening ocean, or to the sterile deserts, or the great 
heat or cold of the climates, tlirough which each 8j)ecies 
must have passed, before it could migrate from one of those 
distant regions to aiiollier. It might fairly be asked of 
one who talked of iinpiissable barriers, why tlie same kan- 
garoos, rhinoceroses, or lamas, should not have been created 
simultaneously in Australia, Africa, and South America? 
The horse, the ox, and the dog, although foreign to these 
countries, until introduced by man, are now able to support 
themselves there in a wild state ; and we can scarcely doubt 
that many of the quadrupeds at present peculiar to Australia, 
Africa, and South America, might have continued in like 
manner to inhabit all the three continents, had they been 
indigenous in each, or could tliey once have got a footing 
there as new colonists. 

We have seen in the passage already cited that BufFon 
called attention to the fact that the apes and baboons of the 
Old World were nowhere to be fiuind in America. Now that 
so many new foians of quadrumana have been brought to 
light in both continents, the want of agreement in the ana- 
tomical and many other characters of the two groups has 
been rendered even still more prominent. 

The Old-World apes and monkeys have been called Catar- 
rbini because they have a narrow division between the nos- 
trils; those of the New World, Platyrrli ini because their 
nostrils are widely separated. In the Catarrhine division 
the number of teeth, not only in the Oraugs and Gibbous 
which approach nearest to the human race in form and 
structure, but in all the other quadrumana with the exception 
of one or two aberrant groups such as the Lemurs, are 32, as 
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in tnan, whereas in all the Platyrrhine monkeys they are 
86, for they have four additional folse molars. This marked 
distinction in their dentition is accompanied by many other 
differences ; such as the prehensile tails belongfing exclusively 
to so many of the American monkeys, and the cheek-pouches 
peculiar to the Old-World quadrumana. 

Austmlian marBupiaU . — The adherence to certain peculiar 
types of structure observable in the animals inhabiting dis- 
tinct geographical provinces was illustrated in a still more 
striking manner, some timc> after the publication of Buffon’s 
great work, by the discovery in Australia of a group of mam- 
malia so unlike those of the Old World as to be referable 
even to a distinct sub-class called the Marsupial, of which 
there was only one genus previously known on the globe, 
namely, the Opossum {DulelphlH) of America. Some of these 
pouched animals, lila* the kangaroo, were herbivorous, others, 
like the Tasmanian wolf carnivorous, and on the 

whole they presented a parallel series in which were found 
representatives of nearly all the grand divisions of the pla- 
cental mammalia of the rest of the world. Mr. Waterhouse 
has described Jibout 140 8p(‘ci('s proper to the mainland of 
Australia, and about 9 others inhabiting New Guinea and 
some neighbouring islands of the Malay Archipelago. 
Among these, only one species, the flying opossum (Petaurus 
ariel), is common to one of the islands and the continent. 

Oeographical relation of e^rt inct fossil forms to the nearest 
allied livinii genera and species. — When we speculate on the 
meaning of this restriction of a peculiar division of the verte- 
brata to a single province of the land, and try, l)y aid of it, to 
gain some insight as to the plan which Nature has followed in 
peopling the earth with new species, we find ourselves in 
some degree precluded from attributing the peculiarity of the 
fauna to the nature of the climate, soil, and vegetation of 
Australia. It has at least been ascertained experimentally 
that when placental mammalia of various orders, whether 
herbivorous or carnivorous — such as the ox, the horse, the 
dog, and the cat — -run wild in Australia, they are not only a 
match for the native animals, but often obtain a mastery over 
them and multiply greatly at their expense. How, then, does 
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it happen that the xnaretipials ever became dominant Ind 
gained so complete an ascendency over the placentids in the 
struggle for life ? The answer seems to be, that the more 
highly organised placentals were never able to gain access to 
Australia, since it emerged from beneath the sea. It is cer- 
tain that the marsupial fauna of that continent is of great 
antiquity, for when we examine the bone-caves and super- 
ficial alluvium of that part of the world, we find in them, as 
in formations of corresponding age in Europe, the remains of 
extinct quadrupeds ; but, instead of being referable to the 
placental class, as in the Old World, the Australian fossils 
consist of lost species of kangaroo, wombat, thylacine, and 
other marsupials. One of those, the lyiprofodon of Owen, 
allied to the kangaroo, is of the size of a large rhinoceros ; 
another, Noiotherium of Owen, not much inferior in bulk. 
They are associated with extinct specit^s of Ihisyurm^ besides 
many of smaller dimensions, such uh Phalangers and Potoroos. 

In like manner, when we turn to the geological records of 
South America, we find among the fossil remains of an ago 
immediately antecedent to the present, entomlK*d in cavern 
and alluvial deposits, the skeletons of Megatherium, Mega- 
lonyx, Glyptodon, Mylodon, Toxodon, and Maerauehenia, 
extinct forms generically allii'd to the existing sloth, arma- 
dillo, cavy, capybara, and lama. In the caves also of Brazil, 
we meet with extinct monkeys associated with the above, 
and they are referable to the genera Cebus and Callithrix, 
both belonging to the Platyrrhine or New-World type of 
quadrumana before mentioned. Thirdly, if we turn k) tlio 
Europeeo-Asiatic and African province — a region which com- 
prises Europe, Asia, and the north of Africa — geology kaches 
us, in like manner, that where the rein-deer, musk-ox, 
elephant, rhinoceros, hippopotamus, horse, and many other 
Old-World types now prevail, there also extinct species of 
the same genera abounded formerly at a very modem geo- 
logical period. In the present state of science we cannot 
speak of the fossil quadrumana of the same great province, 
because the Pliocene mammalia of tropical regions have as 
yet been so imperfectly iiwestigated, and it is only within 
the tropics that the ape and monkey tribe is at present met 



, OEOGEAPHICAL BISTRIBUTIOK OF SPECIKS. [Ck. XXXVIII. 

with. But it is worthy of notice that the extinct fossil 
monkeys which have been discovered in Europe and India, 
all of them of Miocene age, are referable to Old-World 
forms or to the Catarrhine division, such as the Semno- 
pithecus and the Gibbons. 

Professor Owen and Mr. Darwin have dwelt emphatically 
on this manifest relationship between the living and the 
dead-" between peculiar genera and families of mammalia 
now inhabiting certain parts of the world and the fossil 
representatives of the same families found in corresponding 
regions.* 

No hypotJvesis, therefore, respecting the origin of species 
will be satisfactory which does not render some account of 
the two classes of phenomena already alluded to in this 
chapter. First, 8p(*cie8, and often genera and still larger 
groups, have such a range in space as implies that they have 
spread in all directions from a limited area called a * centre 
of creation,’ until their progress was stopped by some natural 
banders, or conditions in the organic and inorganic world, 
hostile to their farther extension. Secondly, the restriction 
of peculiar generic forms to certain parts of the globe is not 
confined to the present period, but may be traced back to aii 
nntecedent geological epoch, when most of the species of 
inmnnuilia were different from those now living. The sig- 
nificance of this last- mentioned fact can hardly be overrated. 
If we find Latin inscriptions of ancient date most comiuon 
in the country where Italian is now^ spoken, Greek inscrip- 
tions most abundant where they now talk modern Greek, 
and Egyptian hieroglyphics inscribed on ancient monuments 
where for centuries after the Christian era the kindred Coptic 
tongue was still in use, we recognise at once that there is a 
geographical connection between the three dead and the 
three living or modem languages, which, even if the entire 
intervening history of those countries were lost, could not 
be questioned. In this case it would afford a powerful 
argument in favour of the derivative origin of the three 
modern languages, each of them having a nearer relation- 
ship to one of the extinct tongues than to any other lost 
^ Owvn, British Mammals and Birds; and Darwin, Journal of South America. 
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forms of speech known to ns by tradition or history as having 
been used elsewhere on the globe* So the intimate conneo* 
lion between tbe geographical distribution of the fossil and 
recent forms of mammalia points to the theory (without 
absolutely demonstrating its truth) that the existing species 
of animals and plants, like the above-mentioned modern 
forms of speech, are of derivative origin and not primordial 
or independent creations. 

Oeographical provinces of animah . — It has l>een ascertained 
that the sea as well os the land may be divided into what 
have been called distinct provinces, each inhabited by certain 
species of animals and plants, there being a considerable 
coincidence in the range of species in tlie two grand 
divisions of the organic world. The six principal regions 
sketched out in 1857 by Dr. Sclater for birds (referring 
rather to the genera and families in tin* class Aves than to 
the species),* are applicable, with some slight exceptions, 
to qiiadrui)ed8, reptiles, insects, and landshells, and to a 
great extent even to plants. The regions allud<*d to are as 
follows: — 1. The Neotropical, comprising South Ameriiai, 
Mexico, and the West Indies. 2. Tlie Neoaretic, including 
the rest of America. Jh The Pahearctic, composed of Europe, 
Northern Asia as far as Japan, and Africa north of the 
Sahara. 4. The Ethiopian, which contains the rest of Africa 
and Madagascar. 5, The Indian, goritaining Southern Asia 
and the western half of the Malay Archipelago. G. The 
Australian, which comprises the eastern half of the Malay 
islands, Australia, and most of the Pacific islands. 

Some modifications of this arrangement have been since 
proposed. Mr. Andrew Murray, in his ‘ Geographical Dis- 
tribution of Mammalia/ unites the Ethiopian and Indian 
regions, and divides North America between the Paleearctic 
and Neotropical regions, thus reducing the principal divisions 
to three. Professor Huxleyf makes two primary divisions, 
Arctogaea and Notogaea, the latter comprising the Neotropical 
and Australian regions, the former the rest of the globe. 
Yet although there is still some difference of opinion as U* 

* Paper read to LinnsBan Society, Ju&e, 1857. 

f Proc. Zool. Soc. 1868, p. 294. 
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which are primaiy and which secondarj divuions, and as to 
where the boundary between some of them is to be drawn, 
Dr. Sclater’s regions are generally admitted to be natural 
ones, and are, in the present state of our knowledge, the 
best that can be used to illustrate the problems of the geo- 
graphical distribution of animals. 

Neotropical region . — To begin with the Neotropical, com- 
prehending the West Indies and South America. The bird 
fauna of this division is, according to Dr. Sclater, the richest 
and most peculiar on the globe, and the mammalia are, as 
BufFon remarked, singularly unlike those of the Old World. 
I have already spoken of the Platyrrhine monkeys of South 
America, as well as of the sloths and armadilloes of that 
country, and I might add the vampires or true blood-sucking 
bats {Phyllostomithe), also the capybara, the largest of the 
rodents, the carnivorous coati-rnondi {Nasua), with a great 
many other forms. 

If there be any truth in the theory which refers the origin 
of species to variation or gradual transmutation, we should 
expect that South America would contain a terrestrial fauna 
very distinct from that of other lands ; for we are taught by 
geology that the present continents and oceanic basins are 
of very high antiquity,* and the southern part of the Ame- 
rican contiiKuib is separated by a wide expanse of sea from 
Africa, Asia, and the land of the Antarctic regions. We 
cannot suppose South America to have had a free land com- 
munication with any other of the great continents in the 
Pliocene or scarcely perhaps in the Miocene epoch ; so that 
even the genera of quadrupeds in Europe must have changed 
several times, while this Neotropical region has continued 
almost as isolated as it is now. 

In Peru and Chili, says Humboldt, the region of the grasses 
is inhabited at an elevation of from 12,300 to 15,400 feet by 
crowds of lama, guanaco, and alpaca. These quadrupeds, 
which here represent the genus camel of the ancient con- 
tinent, have not extended themselves either to Brazil or 
Mexico, because, during their journey, they must necessarily 
have descended into regions that were too hot for them.f 
* See above, Vol. I. p. 263. t Description of the Equatorial Regions : 1814. 
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In this passage, published in 1814, it will be seen that 
already the doctrine of specific centres was tacitly assumed. 

I have already stated that extinct genera of the lama^ 
sloth, armadillo, and many other families of South American 
quadrupeds, have been found in the same re^jion in a fossil 
state. But it is remarkable that, in some points, the fossil 
fnana is not so unlike that of the rest of the world as is tlje 
recent. A species of horse, for example, has been found 
fossil in the Pampas, and of elephant {Mastodon And turn) in 
the mountains of Peru. So also the horse, mastodon, and 
Siberian mammoth occur fossil throughout a considerable 
area in North America, although there were no represen- 
tatives of any of these genera extant in the New World 
when it was first colonised by Euro[>eans. 

The former wide ninge of these quadruj)eds implies a 
migration of Old-World forms into the New World, i>erhap8 
by way of the Andes, in Pliocene times; but how this in- 
vasion was brought about, and by what causes the Old- 
World species were again exti»rminated, we cannot con- 
jecture. It may, however, be affirmed that we are by no 
means entitled, in the present state of our knowledge, to 
wonder at the extinction of any specit^s. A Hinall insect, 
which lays its eggs in the navels of hors(*s, cattle, and dogs, 
when first bom, makes it im]K)ssible, says Darwin, for any of 
these animals to run wild in Paraguay;* and we are ex- 
tremely ignorant as to the various animals and plants, on 
the co-existence of which the well-being of any one species 
may depend. 

Besides, as geologists, we must remember that the* horse 
tribe and the elephants have been waning groups since tlie 
Miocene and Pliocene periods in the northern hemisphere. 
In northern India alone, the fossil remains of the Sewtilik 
hills have shown us that there were in the Upper Miocene 
period no less than seven distinct species of proboscidians of 
the genera Elephas, Mastodon^ and Stegodon (as defined by 
Falconer), and besides these several species nastodou 
flourished contemporaneously in Europe. There are now only 
two living representatives of the whole group, viz. Elephas 

* Barw'in, ‘Origin of Species/ 4tb ediUon, p. S3. 
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InMcm and E. Africanus. In like manner no less than twelre 
equine species, referred by Leidy to seven genera, have 
been already detected in the Pliocene and Post-Pliocene 
formations of the United States, no one of which sur- 
vived in America at the time when it was first visited by 
Europeans.* 

It has been objected that the insect fauna of Chili, al- 
though to a great extent peculiar to South Temperate 
America, contains also many generic forms of butterflies and 
beetles, such as Colias, Carabus and others, which are com- 
mon to the northern hemisphere, and are not found in the 
intermediate tropical region. These insects, however, may 
well be supposed to have passed from north to south along 
the higher region of the Andes, during the cold of the 
Glacial period ; and almost all of them seem to have been 
SC) modified in their character, that the allied forms of the 
north and south are not specifically identical. As to the 
marsupial opossums of America having Australian aflSinities, 
it has been justly remarked by Mr. Wallace that as the 
genus Didelphis existed in Europe in the Eocene and Lower 
Miocene periods, the American species are much more likely 
to have been derived from that source, assuming the origin 
of species by variation, than from Australia, where the genus 
in question has not hitherto been met with, either in a fossil 
or living state. 

In this great province, the Neotropical, as indeed in every 
other to wliieh we shall afterwards allude, the larger part of 
the species are separable from each other by lines of demar- 
cation, whether in the animal or vegetable kingdoms, sufli- 
ciently clear to enable naturalists to agree for the most part 
in their systems of classification; but exceptions could be 
given in every great division, whether of the vertebrate or 
invertebrate class, where si>ecies occur which pass one into 
the other by so many intermediate gradations that scarcely 
any two naturalists take exactly the same views as to their 
relationship. Thus, for example, Mr. Bates observed in the 
valley of the Amazons swarms of a gregarious species of 

* See Leidy and Hayden on Nebraska Fossil Ri mains, Proc. of Acad. Nat. Sci. 
Philadelp. 1858, p. 89. 



Cm. XXXTIIIJ FAUNA OF THB NIOTROHCAL BEOION. 


341 


butterfly of the elegant genus Helieanifu^ which is peculiar 
to tropical America, It abounds in the shades of the forest, 
presenting clusters of allied species and varieties, as well as 
some better marked forms, A conspicuous member of the 
group is H, Melpomene of Linnseus, which is found through- 
out Guiana, Venezuela, and parts of New Granada, It is 
very common at Obydos on the north side of the Amazons, 
and reappears on the south side of the river, in the dry forests 
behind Santarem. But it is absent from other parts of the 
valley, where a nearly allied species, //, TheUiope^ of the same 
size and shape, but diiSering in colour, takes its place. Both 
species have the same habits, and they have always been 
considered by entomologists as 8i>eeifieally distinct ; but Mr. 
Bates came to the conclusion that one was simply a modifi- 
cation of the other ; for he found that in those forest tra<‘ls 
which were intermediate in character between the drier air 
of Obydos and the moister air of the rest of the great valley 
the individuals of these Heliconii were transitional forms Ixs 
tween the two reputed species alluded to. lie observed them 
to pass by veiy slight variations from one extreme to the* 
other, and yet the inference that they were hybrids produced 
by the intercrossing of //. Mrlpomme and IL Thehurpe was 
not admissible ; for the two butterflies were never seen to 
pair with each other, and the intermediate varieties are un- 
known in several places where the two forms come in contact. 
If the whole district which they inhabit is contc*mplated, the 
intermediate forms are incomparably more rare than the two 
extreme terms of the series, and those last must, says Mr. 
Bates, be treated as good and true species, because they ex- 
hibit characters usually regarded as suflicient for such a dis- 
tinction, and, amongst others, an aversion to pair together. 
A similar course of reasoning induced the same naturalist to 
believe in the derivation of //. Vesta from U, Metpomcn^y H, 
Vesta having a very wide range, and extending into the cen- 
tral valleys of the Andes, 

The highest class of the mammalia, or the monkeys of the 
same region, might afford us another equally apposite illus- 
tration, There are two distinct species of Cebus, or Capuchin 
monkey, the Caiarara (C. alhifrom, Spix), and that called 
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Prego (0. cirrhifeTj St. Hilaire), both found on the Amazons, 
which differ in form and disposition. They are not local 
varieties, for they sometimes co-exist in the same district. 
But there are so many sub-species and varieties of this same 
monkey in equatorial America, which spread over thousands 
of miles of wild country, and connect together the two forms 
above mentioned, that, after comparing the whole, Mr. Bates 
affirms that a zoologist cannot separate, by any well-de6ned 
line, the two extremes of the series.* 

The naming of these varieties has often been a subject of 
great i)erplexity in the Zoological (wardens in London, and 
equally so in the museums at Paris, as anyone may satisfy 
himself by consulting the printed catalogue, drawn up by 
Isidore Geoffrey St. Hilaire. Nor are the Capuchins the only 
platyrrhine monkeys whose classification is embarrassing, as 
appears by the same official document. To those who adopt 
Mr. Darwin’s views, these transitional forms are precisely 
what we ought to encounter, for they simply imply, as 
before hinted, p. S24, that some genera and species are 
comparatively modern, so that there has not been time for 
the causes of extinction to make gaps in the series of new 
varieties. 

Neoarrtic reijUm , — We have next to pass to the Neoarctic 
region, extending fi\)m the centre of the table-land of Mexico 
to the North Pole. If w^e compare the southern limits of 
this great province with the nearest lands on the east and 
west, the north of Africa on the one side and China on the 
other, we find a complete dissimilarity between the fauna of 
the American and that of the African and Asiatic continents ; 
but, the farther we go north and enter those latitudes where 
the three continents approach each other, the more the dis- 
cordance in genera and species diminishes. It has often, 
indeed, been said that the whole circumpolar region forms 
one province ; but some of the American species formerly 
identified with the European — the badger, for example — have 
been found to differ on closer examination, and the musk-ox 
{Ovihos moschahis) is peculiar to America, although the same 


* Bates, Naturalii?t on the Amazons, vol. ii. p. 101. 
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animal formerly ranged, as we know from its fossil remains, 
over Germany, France, and England. 

The predominant influence of climate over all the other 
causes which limit the range of species in the mammalia is 
perhaps nowhere so conspicuously displayed as in the region 
now under consideration. It will be observed that on this 
continent between the Rocky Mountains and the Atlantic 
there are no great geogniphical barriers running east and 
west, such as high snow-clad mountains, barren deserts, or 
wide arms of the sea, capable of checking the free migration 
of species from north to south. Yet the arctic fauna, so ad- 
mirably described by Sir John Richardson, has scarcely any 
species in coniiiion with the iauna of the State of New York, 
which is 600 miles farther south, and comprises about forty 
distinct uiaiumifers. If iigain we travel farther south about 
600 miles, and enter another zone, running east and west, in 
South Carolina, Georgia, Alabama, and the contiguous States, 
we again meet with a new assemblage of land quadrupeds, 
and this again difiers from the fauna of Texas fartluT to the 
south, where frosts are unknown. Hut notivithstanding the 
distinctness of those zones of indigenous mammalia, there 
are some species, such as the bultalo (Buon Amrricamii*)^ the 
racoon [Procyon lotor)^ and the Virginian opossum {Didi lphis 
Virgmiana)^ which have a wider habitation, ranging almost 
from Canada to the Gulf of Mexico ; but they form exceptions 
to the general rule. The opossum of Texas [DidrIpJnH rancri-’ 
vora) is different from that of Virginia, and other sp(‘cies of 
the same genus are found westward of the Rocky Mountains, 
in California, for example, where almost all the mammalia 
differ specifically from those in the United States. 

Palccarctic region . — W enext come to the third or Pakearctic 
region, comprising Europe and Northern Asia as far as Jaj^an, 
and also including Africa north of the desert of the Salmra. 
Selecting our examples here, as before, chiefly from the 
mammalia, we may first mention the extraordinary range from 
east to west of the European species of quadrupeds ; for no 
less than 44 of these, out of *58, are common to Europe and 
Amoorland, or that part of North-eastern Asia which lies 
between latitude 45^^ and 55° north. In the same group 
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there are some species which have not so wide a range 
Aaat and west, but which extend for great distances in 
a north and south direction. Thus the tailless hare, or Pica, 
passes far into the Arctic latitudes, and the tiger, Fdis Tigris, 
into the tropical, even as far south as Java. 

The propriety of considering Morocco, Algeria, and Tunis 
as part of the same province as Europe and Northern Asia, 
hss Ixjen questioned, but only with reference to the mammals ; 
for the birds, reptiles, insects, and plants are all decidedly 
of Palamrctic forms. As to the mammalia, Mr. Wallace has 
given a table showing tliat no less than thirty- three of the 
Algerian species are absoluhdy identical with European or 
West-Asiatic quadrupeds ; fourteen more are representatives 
of European genera, and ten belong to gimera of Western 
Asia and Siberia. But, on the otlier hand, seven or eight 
species have been supposed to give an Ethiopian or extra- 
European character to the North-African highlands. They 
are all desert-haunting species — an antelope, a monkey 
{Macacvs Inuus), the same as that which inhabits the rock 
of Gibraltar, a lion, leopard, cerval, and hunting leopard. 
These same large feline species range through the whole of 
Africa from the Mediterranean to the Cape, and may, says 
Mr. Wallace, very probably have crossed the desert in the 
tracks of caravans. If we confine our attention to the genera 
instead of species, we find that out of thirty-one only three 
are common to the Paliearctic and Ethiopian regions. 

From what we have said in the first volume (p. 497) of 
the submarine ridge between Gibraltar and the nearest part 
of Africa or Tangiers (a ridge twenty-two miles long and 
from five to seven miles broad, and nowhere covered by a 
depth of water exceeding 220 fathoms), we learn that the 
union of Southern Europe with Africa does not imply a 
great change in the relative level of land and sea. The 
geologist at least is familiar wdth the fact that the rising 
and sinking of land and of the bed of the Mediterranean 
within the newer Pliocene period has, in Sicily and else- 
where, far exceeded the amount which would be required 
to unite the coasts on the opposite sides of the Straits of 
Gibraltar. A change of level of about 70 fathoms would 
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unite Malta and Goto with Sicily, and one of 200 fathoms 
would join Malta to Tripoli by an isthmus 1 70 miles long* 
A similar change would connect Italy with Sicily, and the 
latter with Africa by the Adventure Bank* We can only 
explain, by this and other analogous land communications of 
modern geological date, the remarkable resemblance of the 
fauna and flora of the islands of the Mediten*anean and of 
the nearest mainland, notwithstanding the geueml depth of 
that sea. Some of the mountainous islands, it is true, of the 
Egeaii are inhabited by j>eculiar species of hindshollS, as m\H 
ascertained by the late Edward Forbes and Captain Spratt ; 
but these mountains may perliaps have been insulated from 
a remote period, Jis freshwater strata of Miocene age occur 
in parts of them, and the surrounding sea is of vast depth. 
The remains of the African elephant and of the Elrphan 
antiqum^ and of an extinct hippopotaiuiis in Sicily, and, 
what is more wonderful, of several species of elepluint, and 
an hippopotamus in caverns in tlie small island of Malta, 
bear testimony to great geogra[>hieal clianges in compara- 
tively modern or Pliocene times. 

As to the distinctness above alluded t<» of the North- 
African fauna from tliat south of tlio Saliara, wo know' tliat 
the Great Desert w'as submerged Ixuieath the 8(ni in the 
Pliocene period ; so that assuming that species have only 
one birthplace, we can account for their distinctness in those 
two regions, which w'ere separated first by a barrier of water 
and afterwards by one of sand. 

The geographical distribution of reptiles agrees as a 
general rule with that of tlie mammalia and birds ; but a 
discrepancy has been pointed out in the Paliearctie region. 
Although the batrachians of Japan are all Palanarctic, the 
snakes agree in genera and species with those of the more 
southern parts of Asia or the Indian region, which we 
shall have presently to consider. Mr. Wallace suggests 
the following explanation of this apparent anomaly : he 
reminds us that Dr. Gunther has show n that snakes are a 
preeminently tropical group, decreasing rapidly in the tem- 
perate regions, and absolutely ceasing at 62° N., whereas 
the batrachians are almost as largely developed in northern 
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aa in tropical latitudes, being able to support the most intense 
cold.* We may therefore suppose Japan to have once 
formed a part of Northern Asia, with which it is even now 
almost connected by two chains of islands ; in which case it 
might have received its birds, mammals, and batrachians 
from the Paleearctic region, whereas it could have derived 
but few or no snakes from the same quarter, since the great 
cold exkuids to a much lower latitude in Eastern Asia than 
in Western Europe. If at a subsequent period Japan became 
connected with Southern Asia through the Loo-choo and 
Majicosirna islands, it might then have been colonised by 
snakes of liidian origin, which would easily establish them- 
selves in a region unoccupied by any rc^presentatives of the 
same class. Batrachians, on the contrary, as well as the 
birds and mammals of Southern Asia, would find a firmly 
eshiblished Paljcarctic population ready to resist the invasion 
of all intruders.! 

Ethiopian r^yion . — The next or fourth zoological province 
is the Ethiopian, including Africa south of the Great Desert, 
and the island of Madagascar. That this part of Africa 
should be characterised by a peculiar indigenous fauna is a 
fact in perfect accordance with Button’s theory of natural 
barriers. 

We have already stated that the sea even in Post-Tertiary 
times covered the s[»ace now occupied by the Sahara, so that 
Africa was for vast periods surrounded by w ater on every side 
but the north-east, wdiere it was connected by an isthmus 
with Asia. Such a connection might explain wh}" there are 
some few species, such as the lion, dromedary, and jackiil, 
common to Africa and Asia, and also why many Asiatic 
genera are represented by allied African species. The ele- 
phant, for example, of Africa, though so nearly resembling that 
of India, is distinct, being smaller, having a rounder head and 
larger ears than the Indian one, and having only three instead 
of four toes on each bind foot. There are three African 
species of rhinoceros, all differing from the three Indian ones. 
The genus hippopotamus is now represented by two species 

*■ Giinther on Geographicil Distribution of Snakes, Proc. Zool. Soc. 1858, p. 374. 

t Wallace on Zoological and Botanical Geography, Nat. Hist. Rev. 1864, p. 114. 
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excltisively African, although it occurred in India in the Mio- 
cene period, and in Europe in the Pliocene and Po8t-Pliocene« 
Also the giraffe, the gorilla, the chimpanzee, the blue-facetl 
baboon, the four-fingered monkey { Colobus)^ and many carni- 
vora, such as ProteleSy allied to the hyaena. In proportion 
as we advance towards the southern part of the Ethiopian 
region we find in the temperate zone other forms, many of 
them agreeing generically with those inhabiting the zone of 
corresponding climate north of the equator in Asia. Among 
these are the quagga and the zebra ; answering to the horse, 
the ass, and the jiggetai of temperate Asia. Among 
pachydermatous animals the hyrax is peculiar, among the 
ruminantia the Cape buffalo and many anteloj>e8, sucli os the 
springbok, the oryx, the gnu, the leucophoe, the pygarga, 
and several others. 

Separated from Africa by the Mozambique cluinuel, which 
is 300 miles wide, Madagascar, with two or three small islands 
in its immediate vicinity, forms a zoological sub-province, 
of which all the species except one, and nearly all the genera, 
are peculiar. The one exception alluded to consists of a small 
insectivorous quadruped (Centeteft)^ found also in the Mauri- 
tius, to which place, however, it is supposed to have lieen 
taken iu ships. The most characteristic feature of this 
remarkable fauna consists in the number of quadrumana of 
the Lemur family, no less than six genera of those monkeys 
being exclusively met with in this island, and a seventh 
genus of the same, called Galago^ which alone has any foreign 
representative, being found, as we might from analogy 
have anticipated, on the nearest mainland. Madagascar is 
nearly as large as Great Britain, and being in tlie same lati- 
tude as the adjoining part of the continent of Africa, enjoys 
a similar climate. Had the species of quadrupeds in Mada- 
gascar agreed with those of Africa, as do those of England 
with the rest of Europe, the naturalist would have inferred 
that there had been a land communication since the period 
of the coming in of the existing quadrupe<l8, whereas we may 
now conclude that the broad Mozambique channel has con- 
stituted an insuperable barrier to the fusion of the conti- 
nental fauna with that of the great island during the whole 
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period that has elapsed since the living species of mammalia 
came into being. 

The period when Madagascar was united to some part of 
Africa was probably as remote as the Upper Miocene era, 
at which time we know that the outline of the land in Europe 
varied materially from that which it now exhibits ; so that we 
may readily suppose the arm of the sea constituting the 
Mozambique channel to have been dry land at that period. 
»Some of the peculiar Miocene genera may have survived on 
the island after they became extinct on the continent, and a 
still greater number of species. Other families, such as the 
Lemurs, may have multiplied more in the island than on the 
continent; but in spite of such changes the two faunas 
continental and insular (assuming the origin of species by 
variation and natural selection) would continue to bear the 
mark of having sprung from a common source at a compa- 
ratively modern era. They would continue to have more 
affinity with each other than with any more distant region, 
such as the Indian or Australian. On the other hand, the 
hypothesis of special creation helps us in no way to account 
for such generic and family ties as bind together these two 
sets of animals in each of which all the species are distinct. 

Indian rcijicm . — We have next to consider the Indian region, 
comprising Southern Asia and the western half of the Malay 
ArchijHilago. Its boundary on tlie side of Arabia has not yet 
been well defined, as that country seems at j^resent to be 
regarded by zoologists as debateable ground between the 
Ethiopian, Indian, and Palmarctic regions. Although the 
Indian species are very distinct from those of Africa, a great 
many of the genera of quadrupeds are common to both con- 
tinents. There are, however, some forms which are peculiar 
to the Indian region ; such as the sloth-bear {Frochihis)^ the 
musk-deer {Moscns)^ the nylghau, the gibbon or long-armed 
ape, and some others. 

The elephant and tapir of Sumatra and Borneo are the 
same as the Indian species, and the rhinoceros of Sumatra and 
that of Java are each of them respectively common to Bengal 
and Malacca. One of the gibbons or long-armed apes 
{Hylohates leucwcns) is common to the Malay peninsula and the 
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islands of Jara and Borneo, though wanting in Sumatra. 
The wild ox of Java also occurs on the Asiatic continent. 
None of these large animals, saj^s Mr. Wallace, could possibly 
have passed over the arms of the sea which now separate 
these countries ; so that they point clearly to the existence of 
a land communication between the islands and the mainland 
since the origin of such mammalia. 

Between 80 and 90 mammals inhabit Java, and nearly as 
many occur in Sumatra ; more than half of these 8|)ecie8 are 
common to the two islands. Borneo, which is much less ex- 
plored, has yielded already upwards of 00 species, and more 
than half of these are not met with either in Java or Sumatra. 
As each island contains not only many species but some genera 
peculiar to itself, tlie date of their former union can only be 
spoken of as modern when we understand the i(.*rin in a geo- 
logical sense. We may feel sure, for exainpl(% that it occurred 
during some part of the Pliocene epocli ; and this speculation 
is rendered the more probable by the fact that a difference of 
level of 50 fathoms, or only 300 feet, would unii(‘ Borneo, 
Java, and Sumatra witli the mainland, or with Malacca and 
Siam,* and a rise of 100 fathoms would include the Philippine 
Islands and Bali or the whole of the Indian region (see map, 
fig. 138). To this question of a modern geographical change 
we shall again refer. 

In regard to the birds of the mainland, the genus F/uploca^ 
rtius of the pheasant family affords a good illustration of a 
variable form. Thus it/, mdanotas^or black-backed kalige of 
Sikkim, is found to pass by numerous varieties in the inter- 
mediate Aracan country into the E, lincatxir,^ of Tenasserim 
and Pegu. The varieties are considered by Dr. Sclater not 
to be hybrid forms. 

Australian region — and Mr, Wallace on the boundary between 
it and the Indian region in the Malay Archipelago, — Lastly, we 
come to the sixth or Australian region, which, as we have before 
mentioned, is inhabited by mammalia belonging almost exclu- 
sively to the marsupial sub-class. The only associated and in- 
digenous placental species are a few rodents and bats. Al- 
though the mainland of Australia is very isolated, yet when the 
* Wallace, Geog. Soc. Journ, 1861, and Malay Archipelago, Vol. L p. 17. 
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whole geologrical proriace is considered, there seems at first 
sight to be no natural barrier saflSciently strong in a north-west 
direction to account for the marked line of separation in the 
islands of the Malay Archipelago between the species belonging 
to the Australian and those proper to the Indian region. 


Fig. 138. 



Map bhowinp: the hoiin laries of two zooU>gic4il provinces, the Indian and 

the AuHtmlian, as defined by Alfred Iv. WaUace, Iwj. The lauds wliicli are shaded 
belong to the Australian, the unshaded to the Indian region. 

(I h. Line exetHMling ItX) fnthoniH in deptl: iiiul I'ni'iian ^howinp: their near coinH- 

«ei>aratlug the liuHitn und Austnilhui zoologi- dence \Mlh the ninw^e of ajKvit't* of the inferior 
cftl rtvion«. uniuinls (.>eo Clmp. XLIJI.) 

c ft. Boundary line betwetni the ^Malayan 

The geographical distribution of the two faunas, which are 
remarkably distinct, is shown in the annexed map, all the lands 
which are shaded belonging to the Australian and those which 
are unshaded to the Indian region. Mr. Wallace has also 
pointed out that the line a b, which divides two different 
assemblages of mammalia and birds, coincides very nearly with 
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the line c ft, which divides two of the best characterised races 
of mankind, the Malayan and the Pacific, in which last are 
included the Papuans, Australians, and Polynesians.* 

The Straits of Ixunbok, through which the line a h pfisses 
between the island of that name and Bali, are only fifteen 
miles across, less wide than the Straits of Dover, and yet the 
contrast between the animals of various classes on both sides 
of this narrow channel is as great as that between thosi) of 
the Old and New Worlds. In other words, the discordance, 
not only in species but in genera, equals that wliich is usually 
caused by a wide ocean rather than by straits which allow 
of one shore being easily seen from the other. It has 
already been stated (p. dI9) that all those islands of the 
Malay Archipelago wliich are only separated from the main- 
land of Asia by a depth of water of less than 100 fatlioms 
contain a fauna whieli is strictly Indian. Mr. Wallace, in 
commenting on this fact, has pointed out the obvious relation 
of the present distribution of animals and plants to changes 
in the position of land and sea, wliich must be assumed to 
have taken place in com jia rati vely modern times. 

The reader has already boen told (Chapters xii., xiv., and 
XXXI.) of the elevation and dejn'ession of the crust of the earth 
and the conversion of land into sea and sea into land, with 
which geology has made us acquainted, and of the accom- 
panyini; fluctuations in the state of the organic world. Taking 
these for granted, we may expect to find i>roofH that some 
islands were once united with each other or with the neigh- 
bouring continents at comparatively recent periods. Where 
this has happened, the same Bj>ecie8 of animals and plants 
will be found to be common to the lands now disjoined, and 
the seas wdiich divide them will usually be shallow. But if 
the natural productions are dissimilar, we may safely specu- 
late on the separation having taken place at a more remote 
epoch, as in the case before mentioned of Madagascar and 
Africa, where we have seen that the intervening sea is very 
deep. 

The line a 6 in the map, fig. 138, indicates a line of sound- 
ing exceeding 100 fatlioms, the sea to the westward of this 
* See below, Chap. XUII. 
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line haring everywhere a depth of less than 100 fathoms ; 
and here we find the limits of the two &uiia8^ the Indian and 
the Australian, very sharply defined. When speaking of 
the contrast of the animals inhabiting the two regions, Mr. 
Wallace says : ^ In Australia there are no apes or monkeys, 
no cats or tigers ; no wolves, bears, or hyajtias ; no deer, or 
sheep, or oxen ; no elephant, horse, squirrel, or rabbit ; none, 
in short, of those familiar types of quadrupeds which are 
met with on the Indian area. Instead of these Australia 
has its marsupials, kaiigaroos, opossums, and wombats, and 
the representatives of a still lower division of the mammalia, 
the duck-billed Platypus (or Oriiithorynclius), and the 
Echidiia. Its birds,’ lie continues, ‘are almost as peculiar: 
it lias no woodpeckers and no pheasants, families which 
exist in every other part of the world. Bui instead of them 
it has the mound-making brush-turkeys, the honeysuckers, 
the cockatoos, and the brush-tougued Lories, which are 
found nowhere else upon the globe.’* 

If we cross the straits from Lombok to Bali, which we 
may do in two hours, we find on the western side a complete 
contrast in animal life. We meet, for example, with barbets, 
fi’uit-thrushes, and woodpeckers ; instead of honeysuckers 
and brush- turkeys. In like manner, if we travel from Java 
or from Borneo, and pass over to Celebes, the Moluccas, and 
New Guinea, the difference is almost equally striking. In 
Java or Borneo the forests abound in monkeys of many kinds, 
and wild cats, deer, civets, otters, and squin-els are constantly 
met with. In Celebes or the Moluccas, none of these occur, 
but the prehensile-tailed opossum is the terrestrial animal 
most seen. Some pigs, however, and deer of Indian types, 
probably introduced by man, are met with. 

Mr. Wallace moreover reminds us that the diversity in the 
natural productions of the two great regions does not corre- 
spond to any of the physical or climatal divisions of the 
surface. On both sides of the lino of demarcation we find in 
the same latitude islands of volcanic origin similar in soil, 
elevation, moisture, dryness, and fertility, and equally covered 

♦ Wallace, Journal of Geographical Society, 1864, and Malay Archipelago, Vol. 
L, p. *21. 
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with forests. How then are we to explain the distinctness 
ot the two faunas P The greater depth of the sea which 
separates the lands east of the line a h 188) from those 
to the west of it would lead us to speculate on a longer jK'riml 
of separation. Still it may be asked, how is it possible U\ 
conceive that a channel in one place only fifteen miles wide 
should have been so efl‘ective in arresting the migration of 
species from one re^iim into the other Befi>re we ^ive an 
account of Mr. Wallace’s speeulations on this head, we must 
state, that marked as is the eontrast on the opposite sides of 
the line a some colonisation from one province to the other 
has already be^uii, althonjjfh less pt^rhaps than alone* anyone 
of the ]>oints of contact <d‘ the live en^at zockloeie.al provinct‘8 
before described. In Lombok there ar»* several mumtnalia 
of the placental class. The lare(*st of tluan is the ape called 
Macdiois cytKunohjni^, As to tin* wild pie, if inay hav<* h<‘en 
introduced by man, and the saim* may 1m* said of tlu^ 
Moluceaii deer, which o(»curs in the island of Timor. The 
Panulo.rnrnH viuHnmja of the W(*a8(*l tribe, also Idund in 
iiuiny of these islands east of the line n />, is an animal often 
domesticated. But a slirew-monse ami a felim* animal, 
Felis vu (fuliti UH, peculiar to Timor, arc less (aisily explaim‘d; 
unless, indeed, our ac<piaiiitau(*e with tin* mammalia of Java 
is still defective, a sup[M>Hition hy no means improbable. 
The squirrels extend from Lombok eastward as far as 8uni- 
bawa, but no farther. 

Ill the case of Borneo and Celebi*s there se(‘ms to have 
been a partial fusion of the inammalia at some rt*mote 
period, as th^re is a species of baboon, a wild cat, and a 
squirrel in Celebes, all belon^in*^ to Indian <frfu rn ; but that 
80 few of the inainmals of Borneo should have n*a(died 
Celebes, and that there should be hardly a land-hird in 
common and very few insects, is, perhaps, says Mr. Wallace, 
even more extraordinary tlian the distinctness of the fauna 
of Bali and Lombok; for the two latter islands bein^ wholly 
of volcanic origin, may be comparatively modern, whereas 
Borneo and Celebes must from their great size ami altitude 
be very ancient. Between the latter also, although the sea 
is much wider than in the Straits of Lombok, there is a 
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great extent of opposing coasts which would be very favour- 
able to mutual immigration. 

It is a singular fact that there are distinct species of 
wild pig in almost every large island, as in Sumatra, Borneo, 
Java, New Guinea, and Timor, and one or more other 
species are said to inhabit Gilolo. Some of these may 
have been introduced by man at so remote a period as to 
have varied greatly from the parent stock; for if the pre- 
vailing opinion be correct, that the Japanese pigs, of which 
specimens were lately exhibited at the Zoological Gardens, 
be mere varieties of the domesticated Sns Indica, we may 
imagine a little more divergence to be sufficient to constitute 
a true species. We shall see in the next chapter, p. 358, 
that pigs have been known, when swept by a flood into the 
sea, to swim for great distances, so that some of them may 
liave passed in this manner from island to island. 

That so few quadrupeds, birds, and insects have obtained 
a footing on the opposite sides of such channels as those of 
Lombok or the Macassar Straits, seems the more strange, 
when we reflect on well-known instances of birds even of 
weak flight having sometimes been carried by the wind 
during heavy gales over wide spaces of sea. But tlie power 
of preoceupancy is great in enabling the old indigenous 
inhabitants to prevent stray individuals of foreign species 
from effecting a permanent settlement. As to the Straits of 
Lombok, they are very narrow, but there is so rapid a marine 
current always running tlirougli them, that it might easily 
prevent quadrupeds and reptiles from swimming across from 
shore to shore. 

To assist us in accounting for the marked separation 
between the Indian and Australian faunas, as well as for 
many partial exceptions to the distinctness of the two 
groups of animals in so»ne of the islands of the Malay 
Archipelago, Mr. Wallace has suggested an imaginary 
parallel, of which I can only give a brief outline. Suppose 
the bed of the Atlantic to be gradually converted into land, 
partly by the deposition of large bodies of sediment poured 
down by rivers, and partly by slow upheaval and volcanic 
action. Let the two continents of Africa and America be 
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thus more and more extended, so that the ocean, which now 
separates them, should at last be reduced to an arm of the 
sea a few hundred miles wide. Let xis, at the same time, 
imagine several islands to be upheaved in mid-channel, and 
that, while the subterranean forces varied in intensity and 
shifted their points of greatest action, these islands became 
sometimes connected with the main- land on one side of the 
strait, and sometimes with the land on the other side. Two 
or more of the islands also might occasionally be joined to- 
gether and then broken up again, till at last, after many 
ages of such intennittent action, with many a long interven- 
ing period of coin])drative tranquillity, we might have an 
irregular archipelago of islands filling np the ocean channel 
of the Atlantic, in whose appearanct' and arrangement we 
could discover nothing to tell us which had been connected 
with Africa and whi^*h with America. But the animals and 
plants inhabiting these islands would cHU-tainly reveal this 
portion of their former history. On those islands which had 
ever formed a part of the »South American (‘ontinent w(* 
should be certain to find such common birds as chatterers, 
toucans, macaws, and liiimming-birds, and sonnj peculiiii 
quadrupeds, such as spider-monkeys, pumas, tapirs, ant- 
eaters, and sloths; wliile, on the islands which had been 
separated from Africa, we should be (Hjually sure to nn^et 
with horn- bills, orioles, and lioneysuckers, and some quad- 
rupeds contrasting strongly with those of South Anu'rica, 
such as baboons, lions, <*lephants, buffaloes, and giraffes. 
Those intermediate islands whicli at difibrerit times had had 
a temporary connection with either continent, would contain 
a certain amount of mixture in their living inhabitants. 
Such seems to Mr. Wallace to have been the case with the 
islands of Celebes and the Philippines. Other islands, again, 
though in such close proximity as Bali and Lombok, might 
each exhibit an almost unniixed sample of tht‘ productions of 
the continents of which they had directly or indirectly once 
formed a part. 

In the Malay Archipelago we have indications of a vast 
Australian continent which once reached westward to the 
island of Celebes, and was characterised by a very peculiar 

A ▲ 2 
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fauna and flora; the western part of this continent was 
afterwards broken up gradually and irregularly into islands. 
At the same time Asia, which at first was separated from the 
Australian continent by a wide ocean, ap[>ears to have been 
extending its limits in a south-east direction in an unbroken 
mass, so as to inchide Sumatra, Java, and Borneo, and pro- 
bably reaching as far as the present 100-fathom line of 
soundings, or as far as the boundary line a h, map, fig. 138. 
Afterwards the south-eastern portion of this land was sepa- 
rated into islands as we now see it, some of them coining 
into almost actual contact with the scattered fragments of 
the great South(U*n or Australian land. 

There are some j>eculiaritie8 in the distribution of animals 
and j)lant8 in oceani<*. islands wlii(*h have a more direct and 
obvious bearing on the qiH\stion of the origin of species by 
variation than the grou[)ing of sj^ecies on continental tracts. 
1 shall therefore consider that subject in a separate chapter;* 
but as I sliall be unable to reason on the somewhat ex- 
c(‘ptional facts which tliese islands j)resent in relation to 
theories of the origin of spi^cies, without constantly adverting 
to the rtdative powers of migration wliich different species 
(‘iijoy, I shall treat of this latter subject first in order, and 
then allude to the insular faunas and floras. 


* Chapter XLI. 
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CHAPTER XXXIX. 

ON THE MIGEATION AND DIFFESION OF TKKRF.STRIAL ANIMALS. 

MHJKATION OF QVAnitrrKO,' MIOUAT >U\ INSTJ HIHJ-TINf! OF AMMAl S 

O.V ICK-Fl OKIS -- MKi RATION OF lUKOs -MU.KATlo.V oF KKPTn.F..S J.\VOJ,» N- 
TAUY A(}KNCY OF MAN IN THK I>IsF},uMON oI AM MACS. 

Migratiox of QVADurvEDS, — Before we eoiisiiler the ^^eo- 
nfraphical distribution of aquaiie animals, it may In* useful U) 
enquire what facilities the ternvstrial sjiecies tmjoy ofsjiread- 
ing themselves over the surface of tlu* (*arth. Th(‘ tendency 
of each species to multiply is so that unU‘ss clnH*ked 

it would soon extend its ranoe ovt‘r as wiile an an^a as is ac- 
cessible to it. AVlitdher it feed on plants or pn^y on other 
animals, it will not cease to enlarge the l)oundari(‘K of its 
habitation until its pro^n-ess is arresti^d by soim* rival speci(*s 
better fitted to the soil, climatis and (U’;^uinic comlitions of 
the country; or by some lofty and unbrokmi chain of moun- 
tains which it cannot scale, or by a desmt, or the sea, or by 
cold or heat, or some other barrier. 

Mr. Wallace and Mr. Bates have shown that laroo rivers 
such as the Amazons and Bio Ki‘oro are capabh* of formin<^ 
effective barriers to the farther spread of many sp(‘ci(»s of 
monkeys. This happens even wliere the sam(‘ kind of forest 
occurs on the opposite banks. Mr. Darwin also mentions 
that the biscacha, a rodent somewhat resemblin^^ a larj^e 
rabbit, which abounds in the Pampas, althou^di it has crossed 
the broader river Parana, has never Isien able to extcunl its 
range across the Uruguay. Geology teaches us that the 
present continents have been formed by the union of large 
pre-existing islands; and wdiat were formerly straits of the 
sea have often become, under a new arrangement of the land, 
broad valleys and the channels of great rivers such as the 
Amazons, the Orinoco, and the La Plata. It is thereforo 
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probable that the real obstacle to the farther spread of mmy 
species is not their inability to swim over large rivers, but 
the pre -occupancy of the land on the farther side by an assem- 
blage of animals fitted for all the stations which the region 
affords. If an intruder attempts to colonise, he is overpowered 
by a rival species already established in great numbers.* 
But for such resistance scarcely any quadrupeds would be 
stopped by rivers ami narrow friths ; for the greater part of 
them swim well, and few are without this power when urged 
by danger and pressing want. Thus, amongst beasts of 
prey, the tig(^r is seen swimming about among the islands 
and creeks in the delta of the Ganges, and the jaguar tra- 
vi*rse8 with t*a8e the largest streams in South America. f 
Tlie bear, also, and the bison, cross the current of the Missis- 
sippi. The ])Opnlar eiTor, that the common swine cannot 
(\scape by swimming when thrown into the water, has been 
contradicted by several curious and w^ell-authenticated in- 
stances during the Hoods in Scotland of 1829. One pig, only 
six months old, after having been carried down from Garmouth 
to the bar at the mouth of the Spey, a distance of a quarter 
of a mihs swam four miles eastward to Port Gordon, and 
landed safe. Three others, of the same age and litter, swam, 
at the same time, five miles to the west, and lauded at 
Bhickhill. 

In an adult and wild state, these animals Avould doubtless 
have been more strong and active, and might, wdieu hard 
pressed, have ])erformed a much longer voyage, especially if 
aided by janverful tides and currents. Hence islands many 
miles distant from a continent may obtain inhabitants by 
casualties which, like the storms of 1829 in Morayshire, may 
only occur once in many centuries, or thousands of years, 
under all the same circumstances. 

The late Edward Forbes told me that when he was on 
board a surveying vessel commanded by Lieutenant Graves, 
R.N., in the Grecian Archipelago, the sailois amused them- 
selves with setting a terrier at a domestic pig which they 
had recently purchased. The animal being worried, threw 

* Andreev Mnrmy. GeograpliicAl Distribution of Mammalia, 1866, p. 18. 

t BuflTon, vol. V. p, 204. 
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himself overboard and made for tbe nearest land in sight, 
which was many miles distant. As the pig was more fit for 
the table than for feats of agility, and as the reputation of 
his tribe for swimming stood very low, the sailors were 
slow in getting out the boat to give chase, so that the 
animal haring a fair start, landed soon after sunset, just as 
they came up to him, and further pursuit in the dark was 
impossible. These facts help to explain the exceptionally 
wide distribution of pigs already' mentioned (p. 3t>4) in the 
Malay Archipelago, where several distinct species are found 
in the Moluccas and New Guinea. The Sun papuniKis of the 
latter island is the only non-marsupial terrestrial animal 
known to inhabit it. 

The power of crossing rivers is essential to the eh'phaiit in 
a wild state, for the cpiantity of food wliich a herd of these 
animals consumes renders it necessary that they should be 
constantly moving from place to j>hu‘e. The elephant crosses 
the stream in two ways. Iftliebi‘d of tin* river be hard, and 
the water not of too great a dejdh, he fords it. But when he 
crosses great rivers, such as the Ganges and the Niger, the 
elephant swims dee}), so deep that the t*nd of his trunk only 
is out of the water; for the complete immersion of his body 
is a matter of indiflerence to him, provkhnl he can bring the 
tip of his trunk to the surface, so as to breathe the extcirual 
air. 

Animals of the deer kind frequently take to tlie water, 
especially in the rutting season, when the stags are seen 
swimming for several leagues at a time, from island t(^ island, 
in search of the does, esj)ecially in the Canadian lak<\s; and 
in some countries where tliere are islands near the s<*a-slK»re, 
they fearlessly enter the sea and swim to them. In hunting 
excursions, in North America, the elk of that country is 
frequently pursued for groat distances through the water. 

The large herbivorous animals, which are gregarious, can 
never remain long in a confined region, as they consume so 
much vegetable food. The iminenst^ herds of bisons (Bos 
Americanm) wliich often, in the great valleys of the Mississijipi 
and its tributaries, blacken the surface of the prairie lands, 
are continually shifting their quarters, followed by wolves, 
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which prowl about in their rear. ‘ It is no exaggeration,’ 
says Mr. James, *to assert, that in one place, on the banks 
of the Platte, at least ten thousand bisons burst on our sight 
in an instant. In the morning we again sought the living 
picture; but upon all the plain, which last evening was so 
teeming with noble animals, not one remained.’* 

Migratory indinch . — Besides the disposition common to the 
individuals of every species slowly to extend their range in 
search of food, in proj^ortion as their numbers augment, a 
migratory instinct often developes itself iu an extraordinary 
manner, when, in eonw^rjuenee of an unusual inimber of births 
or of a sudden seareity of provisions, great multitudes are 
threatmied witli famine. It may lx* useful to enumerate 
some exa,in])leH of these migrations, because they may put us 
upon our guard against attributing a high antiquity to a parti- 
cular species ni(*n*ly beeause it is diffused over a great space ; 
th<*y show clt'arly h<.>w soon, in a state of nature, any species 
miglit spread itself in every direction, from a single point, 
and liovv the territory of one animal may be invaded by 
another, leading oc(‘asionally to the extermination of the 
weak<^r species. 

Jn very severe winters, great numbers of the black bears of 
Ameri(*a migrate from (^anada into the United States; but iu 
milder seasons, wluui tljey Lave been well fed, they remain 
and liybtTnaie in the north. f The rein-deer, which in Scan- 
dinavia scarcely ever ranges to the south of tlie sixty-fifth 
])ara]l(‘l, descends, in consequence of tin* greater coldness of 
the climate, to the fiftieth degree in ('hinese Tartary, and 
often roves into a country of more southern latitude than any 
part of England. 

In Lapland, and other high latitudes, the common squirrels, 
w^henever they are compelled, by want of provisions, to quit 
their usual abodes, migrate in amazing numbers, and travel 
directly forwards, allowing neither rocks nor forests, nor the 
broadest waters, to turn them from their course. In like 
manner the small Norway rat sometimes pursues its migra- 
tions in a straight line across rivers and lakes ; and Pennant 

*Extx*dition from PitUturg to the t Kiohardson’s Fauna Boreali-Ame- 
Rocky Mountains, vol. ii. p. 153. ricana, p. 16. 
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informs us, that when the rats, in Kamtscliatka, become too 
numenms, they gather together in the springs and proceed in 
great bodies westward, swimming over the rivers, lakes, and 
arms of the sea. Many art‘ drowned or destroyed by water- 
fowl or fish. As soon as they have crossed the river Penginsk, 
at the In^ad of the gulf of the same name, thoy turn south- 
ward, and reach tlie rivers Jiuhaua and Okotsk by the middh‘ 
of July ; a district more tlian 800 miles distant from their 
point of departure. 

The lemings, also, a small kind of rat, are descrilxHl as 
natives of the mountains of Kolen, in Lapland; and once 



Tilt’ JAinijiiT or Jjiplijiil Marni -1 \Miis Linn.; 


or twice in a quaiier of a century ihey a])p(‘ar in vast numbers, 
advancing along tlj(' ground and ‘•devouring every green 
thing.’ Inniimerabh* bands inandi from the Kolen, througii 
Northland and Fininark, to tin* Wi^stern Octnin, which they 
immediately ent('r ; and aft<u' swimming about for sonn* time, 
perish. Other bands take their rouh* tliroug-h KSwedisli 
Lapland to tlm Bothniun (iulf, where tliey an* <lrowned in 
ilie same manner. They are followed in tln*ir journeys l>y 
bears, wolves, and foxes, which prey upon th<‘m jnc(*ssantly. 
They generally move iu lines, whi(*h an* about three feet from 
each other, and exactly ])arallel, going din*ctly forward 
through rivers and lakes; and when they meet ivitli stacks 
of hay or corn, gnawing their way through tljem in8t^*ad 
of passing round.* These excursions nstially precede a 
rigorous winter, of which the lemings seem in some way 
forewarned. 

Vast troops of the wild ass, or onager of the ancients, which 

* Phil. Trans., vol. ii. p. 872 . 
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inhabit the mountainous deserts of Great Tartary, feed, 
during the summer, in the tracts east and north of Lake Aral. 
In the autumn they collect in herds of hundreds, and even 
thousands, and direct their course towards the north of India, 
and often to Persia, to enjoy a warm retreat during winter.^ 
Bands of two or three hundred quaggas (a species of wild ass) 
are sonietiines seen to migrate from the tropical plains of 
Southern Africa to the vicinity of the Malaleveen River. 
During their migrations they are followed by lions, who 
slaughter them night by night.f 

The migratory swarms of the springbok, or Cape antelope, 
afford another illustrat ion of the rapidity with wdiieh a species 
under certain circumstances may be diffused over a continent. 
Wlien tlie stagnant pools of the immense deserts south of the 
Orang(" River dry up, which often happens after intervals of 
tliret‘ or four years, myriads of these animals desert the parched 
soil, and ])onr down like a deluge on the cultivated regions 
near tlie t^ipe. The havoc committed by them resembles 
that of the African locusts ; and so crowded are the herds, 
that ‘ the lion lias been seen to walk in the midst of the com- 
pressed plialanx with only as much room between him and 
liis victims as the fears of those immediately around could 
procure by pressing outwards.’ J 

Dr. Ilorslield mentions a singular fact in regard to the 
geographical distribution of the Myduus melicvits^ an animal 


Fig. 140. 



Mydau.s meiiceps, or bjuiger-headtHl Mydaus. Length, including the tail, 16 inches. 

intermediate between the polecat and badger. It inhabits 
Java, and is ^confined exclusively to those mountains 

♦ Wood’s Zoograpliy, vol. i. p. 11. Z Cuvier's Animal Kingdom by Grif- 

t On the authority of Mr. Campbell. fiths, vol. ii. p. 109. Library of Entert. 

Library of Entert. Know., Menageries, Know,, Menageries, vol. i. p. 336. 
vol. i. p. 162. 
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which have an elevation of more than 7,000 feet above the 
level of the ocean; and there it occurs with the same rej^i- 
larity as many plants. The long-extended surface of Java, 
abounding with isolated volcanos with conical points which 
exceed this elevation, affords many places favourable for its 
resort. On ascending these inoiintains, the traveller scarcely 
fails to meet with this animal, which, from its peculiarities, 
is universally known to the inhabitants of these elevated 
tracts, while to those of the plains it is as strange as an 
animal from a foreign country. In my visits to the moun- 
tainous districts, I uniformly met with it ; and, as far us the 
information of the natives can be relied cn, it is found on all 
the mountains.’^ 

Now, if asked to conjecture how tlie Mydaus arrived at the 
elevated regions of each of those isoluttnl mountains, ^ve might 
say that, before the island was peoplt^l hy man, by whom their 
numbers are now thinned, they may (K*casionully have multi- 
plied so as to be forced to collect together and migrate: in 
which case, notwithstanding the slownt^ss of their motions, 
some few w^ould succeed in reaching aiioiln^r mountain, some 
twenty, or even, perhaps, fifty mil(‘s distant ; for although the 
climate of the hot intervening plains would be unfavourable 
to them, they might support it for a time, and would find there 
abundance of insects on which they feed. Volcanic eruptions, 
w^hich at different times have cov(*red the summits of some 
of those lofty cones with sterile sand and aslu^s, may have 
occasionally contributed to force on th<^se migrations. 

Dr iff in (j of an hnals on ice-Jineg , — Tlie power of tbe terrestrial 
mammalia to cross the sea is very limited, and it was b(*fore 
stated that the same species is scarcely ever common to 
districts widely separated by the ocean. If there lx* some 
exceptions to this rule, they generally admit of t*xjdamition ; 
for there are natural means whereby some animals niuy be 
floated across the water, and the sea may, in course of ages, 
wear a wide passage througli a neck of land, leaving indi- 
viduals as a species on each side of the new channel. Polar 
bears are known to have been frequently drifted on the ice 
from Greenland to Iceland; they can also swim to considerable 


* Horsfield, Zoological Researches in Java, No. ii., from which the figure is taken 
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distances^ for Captain Parry, on the return of bis ships 
through Barrow’s Straits, met with a bear swimming in the 
water al)out midway between the shores, which were about 
forty miles apart, and wliere no ice was in sight.* ^ Near 
the east coast of Greenland,’ observes Scoresby, ‘ they have 
been seen on the ice in such quantities, that they were com- 
pared to flocks of sheep on a common ; and they are often 
found on field-ic(*, alx)ve two hundred miles from the shore.’t 
Wolves, in the arctic regions, often venture upon the ice near 
the shore, for tin* purpose of pn^ying upon young seals, which 
tln*y surprise when asleep. When thes(* ice-floes get detaclied, 
the wolves are often (‘arried out to sea ; iind though some may 
be drift(*d to islands or continents, the gn‘ater part of them 
perish, and have Ihmui often heard m this situation howling 
dreadfully, as they die by famine. J 

During tin* short summer which visits M(‘lville Island, 
various planf s pusli forth their leaves and flowers the moment 
the snow is off the ground, and form a carpet spangled with 
the most lively colours. Th(*se secluded spots are readied 
annually by herds of musk-oxen, and rein-deer, wdiich, migrat- 
ing from the North American continent, traverse the ice for 
hundreds of miles to graze undisturbed on these luxuriant 
pastures. § The rein-deer often pass along in the same manner, 
by the chain of the Almitian Islands, from Behring’s Straits 
to Kamtschatka, subsisting on the moss found in these islands 
during their i)assage.|| But the musk-ox, notwithstanding 
its migratory habits, and its long journeys over the ice, does 
not exist either in Asia or Greenland.^j 

Oh Jlodfimj Ishnuls <*/ drift-wood, — Within the tropics there 
are no ice floes ; but, as if to compensate for that mode of 
transportation, there are floating isli*ts of matted trees, which 
are often borne along through considerable spa(*es. These are 
sometimes seen sailing at the distance of tiltyor one hundred 
miles from the mouth of the Ganges, with living trees standing 

* Append, to Parry’s Second Voyage, § Supplonn'rU to Parry'!? First Voyage 
years 1819-20. of Discovery, p. 189. 

t Account of the Arctic Pegioiis, |( Godnian's American Nat. Hist., 
vol. i. p. ol8. '«*ol. i. p. 22. 

t Tiirton in a note to Goldsmith’s • Dr. Kicliardson, Brit. Assoc. Ke- 
Nat Hist., vol. iii. p. 43. P^>rt, vol. v. p. 161. 
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erect upon them. The Amazons, the Orinoco, and the Congo 
also produce these verdant rafts, which are formed in the 
manner already described when speaking of the great raft of 
tlie Atchafalaya, an arm of the Mississippi, whore a natural 
bridge of timber, ten miles long, and more than two hundred 
yards wide, existed for more than forty years, supporting a 
luxuriant vegetation, and rising and sinking wdth the water 
which flowed beneath it. 

On these green islets of the Mississippi, young trees take 
root, and the water-lily or nenuphar displays its yellow 
flow'ers : serpents, birds, ami the cayman alligator come to 
reiH>8e there, and all are sometimes carried to the sea, and 
engulphed in its waters. 

Spix and Martins relate that, during tluur travids in Brazil, 
they were exposed to great dangt‘r while as(*ending the 
Amazons in a canoe, from tlu‘ vast (piantity of drift-wood con- 
stantly propelled against tluun hy the curnuit; so much so 
that their safety depended (Ui tlu^ cr(‘W' Ixung ahvays on the 
alert to turn aside the trunks of trees with long [>oles. The 
tops alone of some trees apptainMl above water, (»tht‘rs had 
their roots attached to them with so much soil that they 
might be compared to floating islets. On 1h(*se, say the travel- 
lers, we saw some very singular assemblag(‘s of animals, 
pursuing peacefully their uncertain waiy in strangi* companion- 
ship. On one raft w^ere several grave-looking storks, perched 
by the side of a party of monkeys, who made comical g(,*stures, 
and burst into loud cries, on seeing the cano(‘. On another 
was seen a number of ducks and divers, silting by a group 
of squirrels. Next came down, u[>on the stem of a large 
rotten cedar-tree, an enormous crocotlile, by the side of a tiger- 
cat, both animals regarding each other with hostility and 
mistrust, but the saurian being evidently most at his ease, as 
conscious of his superior strength.* 

Similar green rafts, principally cornposfKl of canes and 
brushwood, are called ‘ camelotes ’ on the Parana in South 
America; and they are occasionally caiTied down by in- 
undations, bearing on them the tiger, cayman, squirrels, and 
other quadrupeds, which are said to be always terror-stricken 

♦Spiiand Martius, Heiae, &c., vul. iii. pp. 1011, 1013. 
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on tbeir floating habitation. No less than four tigers (pumas) 
were landed in this manner in one night at Monte Video, lat. 
85"^ S., to the great alarm of the inhabitants, who found them 
prowling about the streets in the morning.* 

In a memoir published in the United Service Journal (No. 
XXIV. p. 697) a naval officer relates that, as he returned from 
China by the eastern passage, he fell in, among the Moluccas, 
with several small floating islands of this kind, covered with 
mangrove-trees interwoven with underwood. The trees and 
shrubs retained their verdure, receiving nourishment from a 
stratum of soil which formed a white beach round the margin 
of each raft, where it was exposed to the washing of the waves 
and the rays of the sun. The occurrence of soil in such sitiui- 
tions may easily be explained; for all the natural bridges of 
timber which occasionally connect the islands of the Ganges, 
Mississippi, and other rivers, with their banks, are exposed to 
floods of water, densely charged wuth sediment. 

The late Admiral W. H. Smyth informed me, that, when 
cruising in the ‘ Cornwallis’ amidst the Philippine Islands, he 
saw more than once, after those dre^idful hurricanes called 
typhoons, floating masses of wood, with trees growing upon 
them. Ships have sometimes been in imminent peril, as 
these islands were often mistaken for terra firiiia, when, in 
fact, they were in rapid motion. 

It is highly interesting to trace, in imagination, the effects 
of the passage of these rafts from the mouth of a large river 
to some barren island, raised from the deep by the operations 
of the volcano and the earthquake. If a storm arise, and the 
frail vessel be wrecked, still many a bird and insect may suc- 
ceed in gaining, by flight, some point on the newly-formed 
island, while the seeds and berries of herbs and shrubs, which 
fall into the waves, may be Avashed up on the strand. But if 
the surface of the deep be calm, and the raft is carried along 
by a current, or wafted by some slight breath of air fanning 
the foliage of the green trees, it may arrive, after a passage 
of several weeks, in some bay of the island, into which its 
plants and animals may be poured out as from an ark, and 

*Sir W. Parish’s Buenos Ayres, p. 187, and Robertson’s Letters on Paraguay, 

p. 220. 
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thus a colony of several hundred new species may at once be 
naturalised. 

Although the transportation of such rafts may be of ex- 
tremely rare and accidental occurrence, and may happen only 
once in thousands or tens of thousands of years, they may yet 
account in tropical countries for the extension of some 8j>ecies 
of mammalia, birds, insects, landshells, and plants to lands 
which without such aid they could never have reached. 

Migration of birds , — It was before stated that birds, not- 
withstanding their great locomotive powers, form no excep- 
tion to the general rule, that groups of distinct species arc 
circumscribed within definite limits. 

In parallel zones of the northern and southern hemispheres, 
a great general correspondence of form is observable, both in 
the aquatic and terrestrial birds ; but there is rarely any spe- 
cific identity : and this phenomenon is remarkable, when we 
consider the readiness with which some birds, not gifted with 
great powers of flight, shift their quarters to ditterent n^gions, 
and the facility with which others, possessing gnnit strength 
of wing, perform their adrial voyages. Many species migrate 
periodically from high latitudes, to avoid the cold of winter, 
and the accompaniments of cold, — scarcity of insects and 
vegetable food. For this purj)Ose, they often travt*rse the 
ocean for thousands of miles, and recross it at other periods, 
with equal security. 

Periodical migrations, no less regular, are mentioned by 
Humboldt, of many American water-fowl, from one i>art of the 
tropics to another, in a zone where there is the same tempe- 
rature throughout the year. Immense flights of ducks leave 
the valley of the Orinoco, when the increasing depth of its 
waters and the flooding of its shores prevent tliem from 
catching fish, insects, and aquatic worms. They then betake 
themselves to the Rio Negro and the Amazons, having passed 
from the eighth and third degrees of north latitude t^) the first 
and fourth of south latitude, directing their course south- 
south-east. In September, when the Orinoco decreases and 
re-enters its channels, these birds return northwards.* 

The insectivorous swallows which visit our island would 


* Voyage aux H^ions Equinoxiales, tom. vii. p. 429. 
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perish during winter, if they did not annually repair to 
warmer climes. It in supposed that in these aerial excursions 
the average rapidity of their flight is not less than fifty miles 
an hour; so that, when aided by the wind, they soon reach 
warmer latitudes. Spallanzani calculated that the swallow 
can fly at the rate of ninety-two miles an hour, the rapidity 
of the swift being much greater.* Bachman Bay.s that the 
hawk, wild pigeon {Columha mijratorin)^ and several species 
of wild diu lcH, in North America, Hy at the rate of forty miles 
an liour, or nearly a thousand miles in twenty-fcmr hours.f 

It is w(dl known that many European birds are carried 
(*vt*ry winter during violent gah‘H of wind from E\irope to 
the Azores. Some* of tbeun are* supposed to be blown from 
(jireat Britain to tliose islands.:|: In ptudbrniing sneb flights 
no gre*at exertion of muscular power may be* r(‘quired, if they 
have simply to exteunl tbeur wings and allow themselves to 
be carrienl through the air in the diree^tiou ed* the wind. If 
they advance at the rate even of twenty miles an hour, they 
woukl reach the* islands in forty-eight lioiirs, a ]H‘riod not 
exc(*eding that during whicli many birds can sustain life 
without food (see below, p. 418). 

Wlu*n we* reflect how easily diflereuit species, in a great 
lapse of age‘s, may he eaedi oveudaktm by gah*s and hurricanes, 
and, abandoning tluunsedves to the* tem|)e‘st, he scattered at 
random through various re*gions of the* (‘artli’s surface, where 
tliei temj)eraturt‘ of the* atme>spht‘rt*, tin* vegi*tation, and the 
animal productions might be* sniteel to th(*ir wants, we shall 
be prej)ared to find some* spe*cies capricieeiisly distributed, and 
to be sometimes unable to determine the native countries of 
each. Admiral Smyth, wlie*n engaged in his survey of the 
Mediterranean, eneountere*d a gale in the Gulf of Lyons, at 
the distance of between twenty and thirty leagues from the 
coast of France, which bore along many land-birds of various 
species, some of whicli alighted on the ship, while others were 
thrown with violenee against the sails. In this manner 
islands may become tenanted by species of birds inhabiting 
the nearest mainland. 


* Heming, Phil. ZooL, voL ii. p. 43. t Mr. F. Du Cane Godman, Ibis, voL 
t Silliman sAmer. Jouru.No. 61,p. 83. ii. 18G6, New Series. 
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Miyraiicm of repHle$. — ^Turtlea migrate in large drores 
from one part of the ocean to another during the ovipositing 
season ; and they find their way annually to the island of 
Ascension, from which the nearest land is about 800 miles 
distant. Dr. Fleming mentions, that an individual of the 
hawk^s bill turtle (Cfceloiiia imhricaia)^ so common in the 
American seas, has been taken at Papa Stour, one of the 
West Zetland Islands ; * and, according to Sibbald, * the 
same animal came into Orkney.* Another was taken, in 
1774, in the Severn, according to Tnrton. Two instances, 
also, of the occurrence of the leathern tortoise (G. coriacea)^ 
on the coast of Cornwall, in 1 756, are mentioned by Borlase. 
These animals of more southern seas can be considered only 
as stragglers attracted to our shores during uncommonly 
warm seasons by an abundant supply of food, or carried by 
the Gulf-stream, or driven by storms to high latitudes. 

Some of the smaller n^ptiles lay their eggs on aquatic 
plants ; and these may often be borne rapidly by rivers, and 
thus conveyed to distant regions. 

But that even the larger ophidians may bo transported 
across the seas, is evident from the following most interesting 
account of the arrival of one at the island of St. Vincent. It 
is worthy of being recorded, says Mr. Guilding, Hhat a noble 
specimen of the Boa comtrictor was lately conveyed to us 
by the currents, twisted round the trunk of a large sound 
cedar- tree, which had probably been w^ashed out of the bank 
by the floods of some great South-Ameriean river, while its 
huge folds hung on the branches, as it waited for its prey. 
The monster was fortunately destroyed after killing a few 
sheep, and his skeleton now hangs before me in my study, 
putting me in mind how much reason I might have had for 
fear in my future rambles through the forests of St. Vincent, 
had this formidable reptile been a pregnant female, and 
escaped to a safe retreat.* f 

Involuntary agency of man in the dupersion of animals , — In 
a future chapter I shall speak of the transportation by man 
to distant regions of quadrupeds and birds which are useful 

♦ Brit. Animals, p. 149, who cites Sibbald 
t Zool. Jonrn. toI, iii. p. 406. Dec. 1827. 
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to him, and of the effect of such coloniBation in limiting the 
range and sometimes extirpating indigenous species of plants 
and animals. I shall merely consider in this place the 
involuntary or unintentional aid which we frequently lend 
to the dissemination of species, many of them not only un- 
sen’iceable, but noxious and injurious to us. 

Thus we have introduced the rat, which was not in- 
digenous in the New World, into all parts of America. It 
has been conveyed over in ships, and now infests a great 
multitude of islands and parts of that continent. In like 
manner the Norway rat {Miia dccumanuH) has been imported 
into England, where it plunders our property in ships and 
houses. 

Among birds, the liouse-sparrow may be cited as a species 
known to have extended its range with the tillage of the 
soil. During the last century it has spread gradually over 
Asiatic Russia towards the north and east, always follow- 
ing the progress of cultivation. It made its first appearance 
on the Irtisch in Tobolsk, soon after the Russians had 
ploughed the land. It came in 1735 up the Obi to Beresow, 
and four years after to Naryn, about fifteen degrees of 
longitude farther east. In 1710, it had been seen in the 
higher parts of the coast of the Lena, in the government of 
Irkutzk. In all these places it is now common, but is not 
yet found in the uncultivated regions of Kamtschatka.* 

The great viper, or ^ Fer de lance ’ {Cras pedocephalus 
lanceolatus), a native of the mainland of South America, and 
no less venomous than the rattlesnake, now ravages Mar- 
tinique and St. Lucia, into which it was accidentally intro- 
duced by man, and exists in no other part of the West Indies. 

Many parasitic insects which attack our persons, and 
some of which are supposed to be peculiar to our species, 
have been carried into all parts of the earth, and have as 
high a claim as man to a universal geographical distribution. 

A great variety of insects have been transported in ships 
from one country to another, especially in warmer latitudes. 
The European house-fly has been introduced in this way into 
all the South Sea Islands. Notwithstanding the coldness of 
♦ Gloger, Aband. der Vogel, p. 103 ; Pallas, Zoog. Rosso- Asiat., tom. ii. p. 197. 
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our climate in England, we have been unable to prevent the 
cockroach {Blattu orientalu) from entering and diffusing 
itself in our ovens and kneading-trougbs, and availing itself 
of the artificial warmth which we afford. It is well known 
also that beetles, and many other kinds of ligniperdous 
insects, have been introduced into Great Britain in timber ; 
especially several Nortli-Araerican species. ‘ The commercial 
relations,’ says Malte-Brun,^ ‘ between France and India, 
have transported from the latter country the aphis, which 
destroys the apple-tree, and two sorts of Nouroptera, the 
Lucifnga and Flavicola^ mostly confined to Provence and the 
neighbourhood of Bordeaux, where they devour the timber 
in the houses and naval arsenals.* 

Among mollusks we may mention the Teretio naval 
which is a native of equatorial seas, but which, by adhering 
to the bottom of ships, was transporU^d to Holland, when* 
it has been most destructive to vessels and piles. TIm^ same 
species has also become naturalised in England, and other 
countries enjoying an extensive commerce. Bnlirnun mulninH, 
a land species of considerable size, which is a native of 
Jamaica and other West Indian islands, has been imported, 
adhering to tropical timber, into Liverpool ; and as Mr. 
Broderip informed me, is now naturalised in the woods near 
that town. 

In all these and innumerable other instances we may re- 
gard the involuntary agency of man as strictly analogous to 
that of the inferior animals. Like them, we unconsciously 
contribute to extend or limit the geographical range and 
numbers of certain species, in obedience to general rules in 
the economy of nature, which are for the most part bi*yond 
our control. 

* iSyst. of Geog^ vol. viii. p. 1G9. 
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CHAPTER XL. 

ON THE GEOGBAPHICAL DI8TEIBUTION AND MIGBATION OP 
SPECIES — continued. 


IlISTBimrTION ASH MKIBATIi'S op IISJI -ok TRKTArKA — 
OF INHWrr.H — MOTHS HKKN FLVINO 300 MII.KS FltOM LA.VI> — HOTAKK'AL 
OEfMlieAFUY—OIMPKriSJOX OF Ff.ANTS — AOF.?«r('Y OK IflVERS AND (TUUKNTS — 

MAIMNK ri.ANTS NAHOASftrM olt (.ri.K-WKKD — AOKNCY OF ANIMALS IS THE 

DIMI klHlJTION OF ri.ANTH ~ AoKNLY OF MAN, WoTU VOLirNTAUY AND INVOLUN- 
TAHV, rN THB DI.SFKIlbloN OF PLANTS. 


Ol'AHinAVUlCAL DISTHIliUriON AXJ) MIGRATIOX OF FISH . — 
Although we are les^s acquainted with the habitations of 
marine animals than with those of terrestrial species, yet it 
is well ascertained that their distribution is governed by the 
same general laws. 

On comparing the frcAshw^ater fish of Europe and North 
America, Sir Jolm Richardson remarks, that the only species 
which is unequivocally common to the two continents is the 
pike (iR/Vo.r Inriuys) ; and it is curious that this fish is unknown 
to the westward of the Rocky Mountains, the very coast 
wdiich approaches nearest to the old continent.* According 
to the same author the genera of freshwater fish in China 
agree closely with those of the peninsula of India, but the 
species are not the same. ‘ As in the distribution,’ he adds, 

‘ of marine fish, the interposition of a continent stretching 
from the tropics far into the temperate or colder parts of 
the ocean, separates diflerent ichthyological gi'oups ; so 
with respect to the freshwater species, the intrusion of arms 
of the sea running far to the northwards, or the interpo- 
sition of a lofty mountain-chain, effects the same thing. 
The freshwater fish of the Cape of Good Hope and the 
South-American ones, are different fj'om those of India and 
China.’ t 

Cuvier and Valenciennes, in their ^Histoire des Poissons,’ 

* Brit. Assoc. Keports, vol. r. p. 203. 

t Report to tbe Brit. Assoc., 1845, p. 192. 
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observe that very few species of marine fish cross the Atlantic* 
But a great many species are common to the opposite sides 
of the Indian Ocean, inhabiting alike the Red Sea, the 
eastern coast of Africa, Madagascar, the Mauritius, the 
southern seas of China, the Malay Archipelago, the northern 
coasts of Austnvlia, and the whole of Polynesia!* This 
very wide diffusion, says Sir J. Richardson, may have been 
promoted by chains of islands running east and west, which 
are wanting in the deep Atlantic. An archipelago extend- 
ing far in longitude, favours the migration of fish by multi- 
plying the places of de 2 X)sit for spawn along the shores of 
islands, and on intervening coral banks ; and in such plact*8, 
also, fish find their appropriate food. 

Although the marine shells on the opposite sides of the 
Isthmus of Panama are scarcely any one of them the same, 
yet nearly a third of the marine fishes, or 48 out of 158 
sj>ecios, have recently been ascertained by Dr. Giinther to be 
common to the Pacific Ocean and Caribbean Sea. It has 
been said in explanation of the species of Testacea being 
distinct, that the coast on tlie east side of the isthmus is 
low, and the sea shallow, whereas the west or Pacific coast 
is abrupt, with perj)endieular clifts. The fish would be 
much more indejiendent of tlie jdiysieal geography of tlie 
coast, and their eggs might be transported from one side of 
the isthmus to the other by birds.f 

The flying fish are found (some stragglers excepted) only 
between the tropics : in receding from the line, tli(*y never 
ajiproach a higher latitude than the fortieth parallel. Tin* 
course of the Gulf-stream, however, and the warmth of its 
water, enable some troj>ical fish to extend their habitations 
far into the temjierate zone ; thus the chtetodons, which 
abound in the seas of hot climates, are found among the 
Bermudas on the thirty-second parallel, where they are 
preserved in basins enclosed from the sea, as an imjx)rtant 
article of food for the garrison and inhabitants. Other fish, 
following the direction of the same great current, range 
from the coast of Brazil to the banks of Newfoundland. J 

♦ Richartlson, Brit. Assoc. Reports, 1867, p. 181. 

1845, p. ISO. t Sir J. Richardson, Brit. Ahsoc. 

t Gardener’s Chronicle, Feb. 23, Reports, 1845, p. 190. 
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All are aware that there are certain fish of passage which 
have their periodical migrations, like some tribes of birds. 
The salmon, towards the season of spawning, ascends the 
rivers for hundreds of miles, leaping up the cataracts which 
it meets in its course, and then retreats again into the depths 
of the ocean. The herring and the haddock, after frequenting 
certain shores, in vast shoals, for a series of years, desert 
them again, and resort to other stations, followed by the 
species wliich prey on them. Eels are said to descend into 
the sea for the purpose of prcxlucing their young, which are 
seen returning into the fresh water by myriads, extremely 
small in sixe, but possessing the power of surmounting every 
obstacle which occurs in the course of a river, by applying 
their slimy and glutinous bodies to the surface of the rocks, or 
the gates of a lock, even when dry, and so climbing over it."^ 
Before the year 1800 there were no eels in Lake Wener, the 
largest inland lake in Sw’eden, which discharges its waters 
by the celebrated cataracts of Trolhilttan. But according to 
Professor Nilsson, when a canal was opened uniting the river 
(iotha with the lake b}^ a series of nine locks, eels were ob- 
served in abundance in the lake. It ai)pears, therefore, that 
though they were unable to ascend the falls, they made their 
way by the locks, by which in a very short space a difference 
of level of 114 feet is overcome. 

Gmelin says that the Anseres (wild geese, ducks, and 
others) subsist, in their migrations, on the sjmwn of fish ; 
and that oftentimes, when they void the spawn, tAvo or three 
days afterwards, the eggs retain their vitality unimpaired. f 
When there are many disconnected freshwater lakes in a 
mountainous region, at various elevations, each remote from 
the other, it has often been deemed inconceivable how they 
could all become stocked wdth fish from one common source ; 
but it has been suggested, that the minute eggs of these 
animals may sometimes be entangled in the feathers of 
waterfowl. These, when they alight to w^ash and plume 
themselves in the water, may often unconsciously contribute 
to propagate swarms of fish, wdiich, in due season, will supply 
them with food. Some of the water beetles, also, as the 
* Trans. 1747, p- 395. t AmoBn. Acad., Essay 75. 
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Dyticidae, are amphibiotis, and in the evening quit their lakes 
and pools ; and, flying in the air, transport the minute ova 
of fishes to distant waters. In this manner some naturalists 
account for the fry of fish appearing occasionally in small 
pools caused by heavy rains. 

GEOGRAPHICAL DISTRIBUTION AND MIGRATION OP 
TESTACEA. 

The Testacea are a class of animals of peculiar importance 
to the geologist ; because their remains are found in strata 
of all ages, and generally in a higher state of preservation 
than those of other organic beings. 

Some forms are exclusively coiiHneJ to warm, others to cold, 
latitudes. Marine currents flowing permanently in cerbiin 
directions, and the influx at certain points of great bodies of 
fresh water, limit the (extension of many specit's. Those 
which love deep water are arr(\sted by shoals; othcu's, fitted 
for shallow seas, cannot migrate across unfathomable abysses. 
The nature also of the ground has an important influence on 
the testaceous fauna, botii on the land and bernnilh the waters. 
Ceii;ain species prefer a sandy, others a gravelly, and some a 
muddy sea-bottoin. On the land, limestone is of all rocks 
the most favourable to the number and projaigation of spc^cies 
of the genera Helix, Clausilia, Bulimus, and otluTs. Pro- 
fessor E. Forbes showed in as the result of his labours 

in dredging in the ^g€»an Sea, that there are eight well- 
marked regions of depth, each characbTised by its peculiar 
testaceous fauna. The first these, called the littoral zone, 
extends to a depth of two fathoms only; but this narrow bc*lt 
is inhabited by more than 100 species. The 8(‘Cond region, 
of which ten fathoms is the inferior limit, is almost equally 
populous ; and a copious list of species is given as charac- 
teristic of each region down to the seventh, wliicli lies be- 
tween the depths of 80 and 105 fathoms, all tin.* inhabited 
space below this being included in the eighth province, where 
no less than 65 species of shell-fish or inollusca have been 
taken. The majority of the shells in this lowest zone are 
white or transparent. Only two species are common to 
* Brit. Asboc. RejK)i*tB fur 1843, p. 173. 
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all the eight regions, namely, Area lactea and Ceriihium 
Kma.* These divisions of Edward Forbes were acknowledged 
by himself to be probably of no more than partial application, 
since they were deduced from observations made in an inland 
sea, and, therefore, under peculiar conditions. In that sea he 
believed that the zero of animal life would probably be reached 
at 1,800 feet, but we know that he was aware that this limit 
was not universal because he had cited a letter received by 
him in 1845 from his friend Goodsir, in which this naturalist 
gav(‘ an account of mollusca and other invertebrata dredged 
up in a living state from a deptli of 1,800 feet near Davis 
Straits, t 

Great ranfje of some ])rovinceH and species. — In Europe con- 
chologists distinguish between the arctic fauna, the southern 
boundary of which corresponds with the isothermal line of 
32° F., and the Celtic, which, commencing with that limit as 
its northern frontier, extends southward to the mouth of the 
English Channel and Cape Finisterre, in France. From that 
point begins the Lusitanian fauna, which, according to the 
observations of Mr. M‘Andrew in 1852, ranges to the Canary 
Islands. The Mediterranean province is distinct from all 
those above (uiumerated, although it has some species in 
common with each. 

Th ‘ Indo-Pacitic region is hy far the most extensive of all. 
It reaches from the Hed Sea and the eastern coast of Africa, 
to the Indian Archipelago and adjoining parts of the Pacific 
Ocean. To the geologist it furnishes a fact of no small 
interest, by teaching us that one group of living species of 
mollusca may prevail throughout an area exceeding in mag- 
nitude the utmost limits w'e can as yet assign to any assem- 
blage of contemporaneous fossil species. Mr. Cuming ob- 
tained more than 100 species of shells from the Eastern coast 
of Africa identical witli those collected by himself at the 
Philippines and in the eastern coral islands of the Pacific 
Ocean, a distance of 12,000 miles, equal, says Djirwin, to that 
from pole to pole.} 

^ Report tx) the Brit. Assoc. 1843, p. 130, 

t Forbes and Godwin-Austeii, Natural History of European Seas, 1859, p. 51. 

t Quart. Journ. Geol. Soc., 1846, vol. ii. p. 268. 
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Certain species of the genus lanthina have a very wide 
range, being common to seas north and south of the equator. 
They are all provided with a beautifully contrived float, which 
renders them buoyant, facilitating their dispersion, and 
enabling them to become active agents in disseminating other 
species. Captain King took a specimen of lanthina fragile 
olive, a little north of the equator, so loaded with barnacles 
(Pentelasmis) and their ova that the upper part of its shell was 
invisible. 

Helix putrid (Snccirmi putris, Lam.) has a wide range in 
Europe, occurs also in Siberia, and is said to inhabit New- 
foundland and parts of North America. It was found by 
Captain Hutton in Afghanistan.* As this animal inhabits 
constantly the borders of pools and streams where there is 
much moisture, it is not impossible that difi\‘rent water- 
fowl have been the agents of spreadiiig some of its minute 
eggs, which may have been entangled in their feathers. The 
freshwater snail, Lymnea palnsfrUy so abundant in English 
ponds, ranges uninterruptedly from Kuro])e to Cashmere, and 
thence to the eastern part of Asia. Ilvlix one of 

the commonest of our larger land-shells, is found in St. 
Helena and other distant countries. Soiih^ conchologists 
have conjectured that it was aecidenially imported into St, 
Helena in some ship ; for it is an eatable Bi)ecies. 

As an illustration of the jmwer of sucdi mollusea to retain 
life during along voyage without air or nourishment, 1 may 
mention that four individuals of a large species of landslndl 
(Bulimus)^ from Valparaiso, were brought to England })y 
Lieutenant Graves, who accompanied C'a2>tain King in his 
expedition to the Straits of Magellan. They had be(‘n jjacke^l 
up in a box, and enveloped in cotton : two for a si>ace of 
thirteen, one for seventeen, and a fourth for upwards of 
twenty months ; but when they were exposed by Mr. Brode- 
rip to the warmth of a fire in London, and j)rovided with 
tepid water, I saw them revive and feed greedily on lettuce 
leaves. 

Perhaps no species has a better claim to bo called cosmo- 
polite than one of our British bivalves, Saxicava rugosa. It 

* J. Gwjn Jeffreys, Britibh Conchology, p. 1 *j2. 
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is spread over all the north-polar seas, and ranges in one 
direction through Europe to Senegal, occurring on both sides 
of the Atlantic ; while in another it finds its way into the 
North Pacific, and thence to the Indian Ocean. Nor do its 
migrations cease till it reaches the Australian seas. 

A British brachiopod, named Terehratula caput serpenfiSy is 
common, according to Professor E. Forbes, to both sides of 
the North Atlantic, and to the Soutli-African and Chinese 
seas. The wide range in space of this species is a fact of 
peculiar interest to the geologist, because its range in time 
also is (‘xceptionally great, being one of the very few species 
which have been traced in a fossil state as far back as the 
Cretaceous Period. 

Mode of diffusion of Testacea . — Notwithstanding the pro- 
verbially slow motion of snails and inollusks in general, and 
although many aquatic species adhere constantly to the same 
rock for their whole lives, they are by no means destitute of 
provision for disseminating themselves rapidly over a wide 
area. ‘ Some Mollusca,’ says Professor E. Forbes, ‘ migrate 
in their larva state, for all of them undergo a metamorphosis 
eitlu'r in the egg or out of the egg. The Gasteropoda com- 
mence lift^ under the form of a small spiral shell, and an 
animal furnished with ciliated wings, or lobes, like a pteropod, 
by means of which it can swim freely, and in this form can 
inigi’ate with case through the sea.'* 

We an* accustomed to associate in our minds the idea of 
the great locomotive powers with the most mature and 
perfect state of each species of invertebrate animal, especially 
wdien they undergo a series of transformations ; but in all 
the Mollusca the reverse is true. The fry of the cockle, 
for example {Cardium)^ possess, when young or in the larva 
state, an apparatus which enables them both to swim and to 
be carried along easily by a marine current. (See fig. 141.) 

These small bodies here represented, which bear a con- 
siderable resemblance to the fry of univalve, or gasteropodous 
shells, above mentioned, are so minute at first as to be only 
just visible to the naked eye. They begin to move about 
from the moment they are hatched by means of the long 
♦ Edin. New Phil. Journ. April, 1844. 
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cilia, a, a, placed on the edges of the locomotive disk or 
velum. This disk shrinks up as they increase in size, and 
gradually disappears, no trace of it being visible in the per 
feet animal. 

Some species of shell-bearing Mollusca lay their eggs in a 
sponge-like nidus, wherein the young remain enveloped for a 

Fig, HI. 

B 

d 


The young fry of a cockle (Car-linTu px^mivum). ^rom Lt^vcii’n Koiigl. 

Akiultin. Handling, 1848. 

A. The young jnst hutchctl, magnitli J loo its filumentoo-? apisoulngf' 
diameters. « . Thu nidinn-fit o \ inti-ntiiN*. 

li. The same farther advuius^l. </. 'Ihe rtidiioeiitury ^hell. 

o. The c'UirtU'd organ of h.KX)inotion with 





time after their birth ; and this buoyant substance floats far 
and wide as readily as sea-weed. The younf^ of other vivi- 
parous tribes are often borne alon^ entangled in sea-weed. 
Sometimes they are so light, that, like grains of sand, they 
can be easily moved by currents. Balani and Serpnlai are 
sometimes found adhering to floating cocoa-nuts, and even to 
fragments of pumice far out at sea. It is probable, indeed, 
that the porous and sponge-like texture of pumice causes it 
to be a vehicle for the transport of eggs of mollusks and 
insects and of the seeds of plants far more effective in many 
regions than has been hitherto suspecUKl. Mr. Bates saw 
pieces of it floating on the river Amazons 1,200 mik‘s from 
the nearest volcanos of the Andes, from which it must have 
been derived. He also observed other fragmemts 000 miles 
lower down the river, which in the rainy season are floated 
at the rate of from three to five miles an hour.* They must 
often reach the sea, and may then be earned by currents 
hundreds of miles farther. 


* Jiaturalist of the Amazoos, vol. ii. p. 170. 
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In rivers and lakes, on the other hand, aquatic univalves 
nsnally attach tbeir eggs to leaves and sticks which have 
fallen into the water, and which are liable to be swept away, 
during floods, from tributaries to the main streams, and from 
thence to all parts of the same basin. Particular species 
may thus migrate during one season from the head waters 
of the Mississippi, or any other great river, to countries bor- 
dering the sea, at the distance of many tliousand miles. An 
illustration of the mode of attachment of these eggs will be 
seen in the annexed cut (fig, 142). 

A lobster {AstacuH marinus) w'as taken alive covered with 
living mussels {Myfilus eihtliH) ;* and a large female crab 

Fig. 142. 



Til?. 1. Egsrs of AuipnUdntt ontfa (ji^ tluviixtili* u leaf l.vinp under water. 

Fpo<'ien) fixed to tt small sprig ^\hich bad fallen I'ig. H, of the common I.imnons (L. 

into the water. rulpiru), adhering toudead stick under ^\atcr. 

Fig. 2. Eggs of PlanorhtA aUnt.^, attaches! to 

{Cancer pagums)^ covered with oysters, and bearing also 
Anemia ephippium^ and Actinije, was also taken in 1832, off 
the English coast. The oysters, seven in number, included 
individuals of six years’ growth, and the two largest were 
four inches long and three inches and a half broad.f 

* The specimen was preserv^od in the for six years, whereas some naturalists 
Museum of the Zool. Soc. of London. have stated that the species moults 
t Mr. Broderip observed that this annually, without limiting the moulting 
crab, wliich was apparently in perfect period to the early stages of the growth 
health, could not hare cast her shell of the animal. 
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Prom this example we learn the manner in which oysters 
may be diffused over every part of the sea where the crab 
wanders ; and if they are at length carried to a spot where 
there is nothing but fine mud, the foundation of a new oyster- 
bank may be laid on the death of the crab. In this instance 
the oysters survived the crab many days, and were killed at 
last only by long exposure to the air. 

GEOGRAPHICAL DISTBIBUTIOX AND MIGRATION OP INSECTS. 

The entomological provinces coincide veiy closely with 
those of the higher animals as already described. Pew species 
have a very wide range, but there are exceptions to this 
rule, and among them may be mentioned our painted lady 
hutterAy (Vanessa cardui), which re-appears at the Cape of 
Good Hope and in New Holland and Japan with scarcely 
a varying streak.* The same specii's is said to be one of 
the few insects wdiicli are universally disjKn’sed over the 
earth, being found in Euroi>e, Asia, Africa, America, and 
Australia, although it rarely occurs within thetrojncs except 
in a few mountain regions. Its wide rangi^ s<K‘ms to imply 
a capacity enjoyed by few species, of enduring a great 
diversity of temperature, and is the more interesting because 
of the migratory instinct which it sometimes displays. 

A vast swarm of this species, forming a column from ten 
to fifteen feet broad, was in 1826 observed in Switzerland, 
in the Canton de Vaud: they traversed the country witli 
great rapidity from north to south, all flying onwards in 
regular order, close together, and not turning from their 
course on the approach of other objects. Professor Bonelli, 
of Turin, observed, in March of the same year, a similar 
sw^arm of the same species, also directing their flight from 
north to south, in Piedmont, in such immense numbers, that 
at night the flowers were literally covered with tlnnn. They 
had been traced from Coni, Raconi; Susa, Ac. A similar 
flight at the end of the last centuiy is recorded by M. Loucli, 
in the Memoirs of the Academy of Turin. 

The European hive-bee (Apis meUifica)^ although not a 


^ KJrby and Spence, vol. iv. p. 487 ; and otLer authori. 
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native of the New World, is now established both in North 
and South America. It was introduced into the United 
States by some of the early settlers, and has since overspread 
the vast forests of the interior, building hives in the decayed 
trunks of trees. ‘ The Indians,’ says Irving, ^ consider them 
as the harbinger of the white man, as the buflPalo is of the 
red man, atid say that in proportion as the bee advances the 
Indian and the buffalo retire. It is said,’ continues the 
same writer, ‘ that the wild bee is seldom to be met with at 
any great distance from the frontier, and that they have 
alwjtys been the heralds of civilisation, preceding it as it 
advanced from the Atlantic borders. Some of the ancient 
settlers of the west ev6n pretend to give the very year when 
the honey bee first crossed the Mississippi.’"^ The same 
species is now also naturalised in Van Diemen’s Land and 
New Zealand. 

As almost all insects are winged, tliey can readily spread 
themselves wherever their progress is not opposed by un- 
congenial climates, or by seas, mountains, and other physical 
impediments; and these barriers they can sometimes sur- 
mount by abandoning themselves to violent winds, which, as 
I shall afterwards state, when speaking of the dispersion of 
seeds (p. dlK)), may in a few hours carry them to very con- 
siderable distances. On the Andes some sphinxes and flies 
liave been observed by Humboldt, at the height of 19,180 
feet above the sea, and which appeared to him to have been 
involuntarily carried into these regions by ascending currents 
of air.f 

Inundations of rivers, observes Kirby, if they happen at 
any season except in the depth of winter, always carry down 
a number of insects, floating on the surface of bits of stick, 
weeds, &c. ; so that when the waters subside, the entomolo- 
gist may generally reap a plentiful harvest. In the dissemi- 
nation, moreover, of these minute beings, as in that of plants, 
the larger animals play their part. Insects are, in number- 
less instances, borne along in the coats of animals, or the 
feathers of birds ; and the eggs of some species are capable, 

♦ Washington Irving’s Tour in the t Description of the Equatorial Re- 
?Prairie8, ch. ix. gions.— Malte-Brun, vol. v. p. 379. 
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like seeds, of resisting the digestive powers of the stomach, 
and after they are swallowed with herbage, nmy be ejected 
again unharmed in the dung. 

White mentions a remarkable shower of aphides which 
seem to have emigrated, with an east wind, from the grtnit 
hop plantations of Kent and Sussex, and blackened the 
shrubs and vegetables where they alighted at Selborne, 
spreading at the same time in great clouds all along the 
vale from Farnham to Alton. Tlieso aphides are sometimes 
accompanied by vast numbers of the common lady-bird {Coc- 
cinella septeinpimciata)^ which feeds upon them.* 

It is remarkable, says Kirby, that many of the insects 
which are occasionally observed to emigrate, as, for instance, 
the Libellula*, Coccinelhc, Carabi, Cicada?, etc., are not 
usually social insects ; but seem to congregate, like swal- 
lows, merely for the purposi* of emigration. f Here, there- 
fore, we have an example of an instinct developing itself on 
certain rare emergencies, causing unsocial Hpeci(*s to bt^- 
come gregarious and to venture sometimes even to cross the 
ocean. 

The armies of locusts {Gn/UuH m/j/m/or/Ms), whidi darken 
the air in Africa and traverse the globe from Turkey to our 
southern counties in England, are well known to all, and 
their vast geographical range will again be alluded to (Chap. 
XLii.) When the western gales sweep over the Pampas they 
bear along with them myriads of insects of various kinds. 
As a proof of the manner in which S})eeie8 may be thus dif- 
fused, I may mention that when the Creole frigate was lying 
in the outer roads off Buenos Ayres, in 1819, at the distance 
of six miles from the land, her decks and rigging were sud- 
denly covered with thousands of flies and grains of sand. 
The sides of the vessel had just received a fresh coat of paint, 
to which the insects adhered in such numbers as to spot 
and disfigure the vessel, and to render it necessary partially 
to renew the paint.J The late Admiral W. H. Smyth was 
obliged to repaint his vessel, the Adventure, in the Mediter- 

* Kirby and Spence, vol. ii. p, 9. 1 1 

1817. R.N., for ihia information. 

t Ibid. 
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raiiean, from the same cause. He was on his way Irom Malta, 
to Tripoli, when a southern wind blowing from the coast of 
Africa, then one hundred miles distant, drove such myriads 
of flies upon the fresh paint, that not the smallest point was 
left unoccupied by insects. 

Moths seen flying 300 miles from land . — Captain Henry 
Toynbee has put on record some striking examples of the 
great distance from land at which the larger Lepidoptera 
are occasionally seen on the wing. A female of the large 
Sphynx convolvuli flew on board his ship, the Hotspur, East 
Indiainan, in lat. 12^09' N. and long. 21'' 17' W., a point 300 
miles from the nearest coast of Africa, and about 210 miles 
from the Cape de Verde Islands, from which last it is sup- 
posed to have come, as the prevailing winds at the time 
were north-wcst(?rly. Two individuals of the common 
Death’s Head Moth (Acherontla atropos) also flew on board 
the Hotspur during the same homeward voyage, in lat. 40^^ 
29' N. — long. 15° W., or 200 miles from the nearest land 
(the coast of Portugal) after an easterly gale. They had 
already traversed more than two-thirds of the distance from 
Europe to Mad<ura, and the case aifords a good illustration 
of the manner in which islands far out at sea may be peopled 
with insects from the near<‘st continents.* 

To the southward of the river Plate, off Cape St. Antonio, 
and at the distance of fifty miles from land, several large 
dragon-flies alighted on the Adventure frigate, during 
Captain King’s expedition to the Straits of Magellan. If 
the wind abates wdieu insects are thins crossing the sea, 
the most delicate species are not necessarily drowned ; for 
many can repose on the water without sinking. The slender 
long-legged Tipulm, when driven out far from our coast, 
have been seen standing on the surface of the sea, and they 
took wing immediately on being approached. f Exotic 
beetles are sometimes thrown on our shore, which revive 
after having been long drenched in salt water; and the 
periodical appearance of some conspicuous butterflies 

* Both tlie above-Tuentionod insects t I sUiUi this fact on the authority 
•were shown at a meeting of the Zoo- of mv friend, tlie late Mr. John Curtis, 
logical Society by Mr. Flower, May 22, the able entomologist, 

1866. 
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amongst us, after being unseen some for five, others for 
fifty years, has been ascribed, not without probability, to 
the agency of the winds. 

BOTANICAL GEOGRAPHY. 

Scarcely 1,400 species of plants appear to have bi^en 
known and described by the Greeks, Romans, and Arabians. 
At present, more than 3,000 s[)ecies are enumerated as 
natives of our own island/ In other parts of the world 
there have been now collecttMl more than 100,000 reputed 
species, specimens of which are pr(‘served in Eurojanin her* 
bariums. It was not to be suj>p<KS(‘d, therefore, tluit the 
ancients .should have acijuinnl any cerrtH*t notions resja^eting 
wliat has bt‘en ca!h‘d the geography of ])Iants, although 
the influence of climate on tin* character of the vegetation 
could hardly have escaped their observation. 

Antecedently to investigation, then* was no reason fi»r 
presuming that the vegetable ]>roductions, growing wild in 
the eastern hemisjdiere, should Ih* unlike 1hos(* <»l‘ tin* west(*rn, 
in the same latitude; nor that the ])lants of tin* Gape of 
Good Hope should be unlike those of the south of Europe ; 
situations where the climate is littk* dissimilar. The con- 
trary supposition would have sei‘med more probable*, and we 
might have anticipated an almost perfect identity in tin* 
plants which inhabit corresponding parallels of latitude at 
equal heights above the sea. The discovery, therefore, that 
each separate region of the globe, both of the land and 
Avater, is occupied, in the vegetable as well as in tlui animal 
world, by distinct groups of species, and that m(^st of the 
exceptions to this general rule are referable to disseinirjating 
causes now in operation, is eminently calculated to prcj>are 
us to receive with favour .any hypothesis respecting tin* first 
introduction of species which is most consistent with such 
phenomena. 

Botanical regions , — Humboldt was among the first to j)ro- 
mulgate philosophical views on the distinctness of the 
vegetable productions of different regions of the globe. 

* Barton’s Lectures on the Gerjgraphy of FlanU, p. 2. 1827. 
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Every hemisphere, he said, is inhabited by different species 
of plants, and it is not by the diversity of climates that we 
can attempt to explain why equinoctial Africa has no 
Laurineui, and the New World no Heaths;* or why the 
Calceolaria? are found only in the southern hemisphere. 

‘ We can conceive,’ ho adds, ‘ that a small numl)er of the 
families of plants, for instance, the Musacem and the Palms, 
cannot belonj:^ h) V(;ry cold regions, on account of their in- 
ternal stmcture and the importance of certain organs ; but 
we cannot explain wliy no om* of the Melasiomas (a family 
allied to the Myrtles) vegetates north of the parallel of 
thirty d(*gn‘es ; or why no rose-tree belongs to tlie southern 
liemisphen*. Analogy of c1imat(‘H is often found in the two 
continents witliout identity of prf>dnctions.’t 

The luniinons essay of Auguste de Candolle on ‘ Botanical 
(ieography’ (1820) presents us witli the fruits of his own 
research(‘s and thos(‘ of Humboldt, Brown, and other eminent 
botanists, so arranged, that the principal phenomena of the 
distribution of plants are oxhibib'd in connection with the 
causes to whicli they are supposed to be referable.J ‘ It 
might not, perhapvS, be difficult,’ observes this writer, ^to find 
two points, in the United States and in Europe, or in (equi- 
noctial America and Africa, which present all the same 
circumstances : as, for examjde, the same temperature, the 
same lieight above tla* s('a, a similar soil, an equal dose of 
humidity ; yet nearly all, j>cr/(ap.s- a//, the plants in these two 
similar localities shall be distinct. A certain degree of 
analogy, indeed, of aspect, and even of structure, might very 
possibly be discovi^rable between the plants of the two 
localities in question ; but the sperifs would in general be 
different. Circumstances, therefore, different from those 
whicli now determine the have had an influence on 

the habitations ofplants.’ 

It may be as well to define in this place the technical sense 
in which the words printed in italics are here used : station 

♦ The common heath {Erica f Pers. Nar., vol. v. p. 180 . 

L) has, since Humboldt wrote, been t Essai El^mentaire de G^graphie 
found growing wild in one sjx)t in Botanique. Extrait du 18 me vol. du 
Massachusetts, north of Boston ; but this Diet, des Sci. Nat. 1820 . 
case is quite exceptional. 
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indicates the peculiar nature of the locality where each specnes 
is accustomed to and has reference to climate, soil, 

humidity, light, elevation above the sea, and other analogous 
circumstances ; whereas, by hahifaiion is meant a generstl 
indication of the country where a plant growls wild. Thus 
the station of a plant may be a salt-marsh, a hill-suh\ tho 
lx?d of the sea, or a stagnant pool. Its hatotation may W 
Eurt)pe, North America, or New Holland, betwetm the tropii\s. 
The study of Hfatinns has been styled the topography, that 
of hahifafions the geogra{)hy, of botany. The terms thus 
defined, express each a distinct class of ideas, whicli havi^ 
been often coiifounded tog(‘ther, and which are equally a jqdi- 
cable in zoology. 

In farther illustration of tlie prin<‘ipl(' al>ov(* alluded b), 
that difference of longitude, indepen<h*ntly of any infineuee 
of temperature, is aecoinjainitHl by a gn.‘at, and sometimes 
a complete, diversity in the spe<*i(‘s of })lants, l)(^ tHtndolle 
observed, that, out of 2,S!)1 species of plnenogamons j)lants 
described by Pursli as known in 1R20 in the Unitt*d States, 
there were only 385 common to northern or ttunperaie Eunqx'. 

On comparing New Ifolhuid with Europe*, Mr. Brown 
ascertained tliat, out of 4,100 sp<H*ies, tlH*n discovensi in 
Australia, there were only Ififi eemnnon to Europe, and of 
this small number tliere were some* few wliicli may have 
been transported tliitlie*!- by man. Almost all of tie* Hid 
species were (*ryptogamie, and the rest ce>nsi8t, in nearly 
every case, of pbmnogamons plants wliicli also inhabit iiile*r- 
veiiing regions. 

Blit it is still more* r(‘markable that tliere should be* aai 
almost equal diversity e>f 8peci<»H, in distant parts of the 
ancient continent be*twe*eii which there is jiii uninti‘mipte*d 
land communication. Thus there is one assemblage of speeies 
in China, another in the countries bordering the Black Sea 
and the Caspian, a third in those surrounding the Mediter- 
ranean, a fourth on the great platforms of Siberia and Tartary, 
and so forih. 

The distinctness of the groups of indigenous plants, in 
the same parallel of latitude, is greatest, as in the ea><e of 
animals before mentioned, where continents are disjoined 
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by a wide expanse of ocean. In the northern hemisphere, 
near the pole, where the extremities of Europe, Asia, and 
America unite or approach near to one another, a consider- 
able number of the same species of plants are found, common 
to the three continents. But it has been remarked, that 
these plants, which are thus so widely diffused in the arctic 
rei^ions, are also found in the chain of tin* Aleutian Islands, 
which stretch almost across from America to Asia, and which 
may probably liave served as the chanmd of communication 
for th(^ partial blending of the floras of the adjoining regions. 
I)(^ Candolle enumerated twenty great botanical proviiic(*8, 
inhabited by indigenous and aboriginal plants; and his son 
Alphonse, a distinguished living botanist, has made a further 
subdivision into twenty-S(*v(m provinces, b(‘tween which the 
lines of demarcation are by no means ill-d(‘fin(Hl.* 

Ther(? are, however, not a few species which are common 
to two or more than two of these provinces, and often repre- 
sentative forms which some naturalists would class as mere 
geographical vari<‘ti(*s. T1 h‘ six ornithological divisions of 
th(‘ globe befoiM^ alluded to (p. 887), four of them in the Old 
World and two in the New, are not on the whole inapplicable 
to plants, if w(^ wish to take a more large and comprehensive 
view of the leading featurt^s in their geographical distribu- 
tion, especially as r(‘gards genera and families. 

This liolds true, ])articiilarly of the Neoarctic and Neo- 
tropical regions, each of which contains a distinct assem- 
blage of peculiar vegetable forms. Those of the table-land 
of Brazil, which has an (‘levation of from 2,000 to 4,000 feet, 
are described by Sir Oharh's Bunbnrv, after he had explored 
the district, as belonging lor the most part to gcuieric types, 
little known except to botanists, for they have not been 
cultivated in Europe. But when he descended from the 
Brazilian uplands towards the south, or to the gnissy plains 
of Uruguay and La Plata, he found plants still belonging to 
the predominant South- American types, though represented 
by different and local species. Such affinity between the 
specific forms proper to the more elevated and to the lower 
stations agrees well with the idea of certain original types 

* Alph, de Candolle, Monogr. des Campanult^s. Paris, 1830. 
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having been gradually adapted by variation and natural 
selection to all the diversified conditions of the surface of the 
land« 

The Pampiis and banks of the Plata are also remarkable 
for the extraordinary manner in which some foreign EurojxMin 
plants, especially the thistles and trefoils, have overpowered 
the indigenous vegetation.* Tlie intruders have been intro- 
duced by man sometimes unintentidiuilly, and, having na- 
turalised themselves, have bt'come more conspicuous than any 
of the native products of the soil. They illustrate a priticiplt* 
before laid down, that the organic btungs of each great region 
which man finds in posH<*ssion of wide art'as are not those 
which are most fitted of all contemporary species to flourish 
there to the exclusion of all ofh(»rs. Tln^y appear to be 
simj)ly the modified descendants of such an older fauna and 
flora as hap[>ened to pre-exist un<h»r a sornewhal dilfereiit 
phase of the earth’s physical g(‘ograi>hy, or tlu'y are tin* 
ofl'spring of colonists which by natural nu'ans wt*r(‘ abh* to 
reach those lands. But tin* same <irganisms an* pow<*rleHS 
to maintain their ground in the struggle for life if hrouglit 
into competition with specues from distant n*gions which 
would never without the ai<l of man hav(* eome into contact 
with them. 

Marine pJantn, — The veg(‘<ation of tin.* S(*a, like that of tin* 
land, is divisible into difierent provinces each inhabited by 
distinct species, but these provinces are fewer in numl>er 
because the temperature* of the ocean is more uniform tluin 
that of the atmosphere, and because the an*a of land l)(*arH a 
small proportion to that of water, so that the migration of 
marine plants is not so often stopped by barriers of land as is 
that of the terrestrial species by an intervening ocean. It is 
a remarkable fact that Dr. Hooker has been able to identify 
no less than a fifth part of the antarctic algte, excluding the 
New Zealand and Tasmanian groups, with British Hpecies, 
Yet there is a much smaller proportion of cosmoj>olite species 
among the alga? than among the terrestrial cellular crypto- 
gams, such as lichens, mosses, and Hepatica?. 

* Sir C. Buubury, ‘ Chanicters» of S. Ammcan VtgeUiion,' Fra%*r« 

July, 1867. 
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Dwpermon of plants. — The fact last alluded to, of the ubi- 
quitous character of crjptogauious plants, deserves special 
attention. Linnanis observed that, as the germs of plants 
of this class, such as mosses, fungi, and lichens, consist of an 
inipali)able i)owder, the particles of which are scarcely visible 
to the naked eye, there is no difficulty in accounting for their 
being dispersed throughout the atmosphere, and carried to 
evory point of the globe where tlnu'c is a station fitted for 
them. Lichens in j>articular ascend to great elevations, 
sometimes growing on bare roeks two thousand feet above 
11 m‘ line of perpetual snow, where t!n‘ nn‘an t(‘mperature is 
nearly at the freezing point. This elevated position must 
(‘Oil tribute greatly to facilitate the dis[)ersion of those buoy- 
jint ])articles of which their iruetifi<*atii)n consists.* 

Some have inferred, from the s[)ringing up of iriushrooms 
wluuiever parti(‘ul5ir soils and decomposed organic matter are 
mix(‘<l tog(?ther, that the production of fungi is accidental, 
juul not analogous to that of perfect plants. But Fries, 
whose authority on tlu‘se questions is eiititled to the highest 
respect, has shown tlie fallacy of this argument in favour of 
tlu' old doeteine of efpiivocal geueration. ‘The sporulcs of 
fungi,’ says this naturalist, ‘are so infinite, that in a single 
individual of lit ticfdn ria vat.rlvia^ 1 have counted above b n 
millions, and so subtile as to be scarcely visibl(‘, often resem- 
bling thin smoke; so light that they may be raised perhaps 
by" evaporation into the atmosjdiere, and dispersed in so 
many ways by the attraction of the sun, by insects, wund, 
elasticity, adhesion, itc., that it is difficult to conceive a 
place from which they may be excluded. ’t 

The club-moss called cvrimum affords a strik- 

ing example of a cryptogamous plant universally distributed 
over all equinoctial countries. It scarcely" ever passes be- 
yond the northern tropic, except in one instance, where it 
api»ears around the hot-springs in the Azores, although it is 
neither an inhabitant of the Canaries nor of Madeira. Doubt- 
less its microscopic sporules are everywhere present, ready 
to germinate on any spot where they can enjoy throughout 

♦ Linn., Tour in Lapland, voL ii. p. 282. 

t Fries, cited by Lindley, lutrod. to Nat. Syst. of Botany. 
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the year the proper quantity of warmth, moisture, light, and 
other conditions essential to the species. 

Xo less than 200 si>ecies of lichen were brought home from 
the southern hemisphere the AnUirctic Expedition under 
Sir James Ross, and almost every one of these was ascertained 
to be also an inhabitant of the northern hemisphere, and 
most of them European, 

When we contrast the cosmoiK>lite character of this class 
of i>lants with the comparatively limited range of most of 
the pha?nogamous species, we cannot fail to perceive how 
intimately the geographical distribution of each is related 
to its powers of dispersion. But, in order to see a con- 
nection between these plimiomeiia, wt' must first assume that 
each species has one birtliplact% ami that it has ra-Uiated 
in all directions in which it is possibU* Ibr it to spnnid from 
the original point or centre where it was first formed. 

The most active of the inanimate agents provided by na- 
ture for scattering the seeds of jdaiits over tin* glolM% au* 
the movements of the atmosphere iind of the ocean, and the 
constant flow of water from the mountains to the sea. To 
begin w'ith the wuiids: a great number of seeds are furnishiHl 
with downy and feathery appendag<'s, tmabling them, wdnni 
ripe, to float in the air, and to be wuifted easily to great dis- 
tances by the most gentle breez.e. Other plants are fitted 
for dispersion by means of an attached wing, as in the cjise 
of the fir-tree, so that tliey are caught up by the wind as 
they fall from the cone, and are carried to a distiince. 
Amongst the comparatively small number of plants known 
to Linnaeus, no less than 138 genera are enumerated as 
having winged seeds. 

As winds often prevail for days, wiH^ks, or even rnontlis io- 
gether, in the same direction, these means of transportation 
may sometimes be without limits ; and even the heavier grains 
may be borne through considerable spaces, in a very short 
time, during ordinary tempests ; fur strong gales, which can 
sweep along grains of sand, often move at the rate of about 
forty miles au hour, and if the storm be very violent, at the 
rate of fifty-six miles.* The hurricanes of tropical regions, 

* Annuaire du Bureau dee Longitudes. 



392 


OEOGRAPHICAL DISTRIBUTION AND 


[Oh. XL. 


which root up trees and throw down buildings, sweep along 
at the rate of ninety miles an hour ; so that, for however 
short a time they prevail, they may carry even the heavier 
fruits and seeds over friths and seas of considerable width, 
and doubtless axe often the means of introducing into islands 
the veg(‘tation of adjoining continents. Wliirhvinds am also 
instrumental in b<*aring along heavy vegetable substances 
to considerable distances. Slight ones may frequently be ob- 
served in our fields, in summer, cairying up haycocks into 
t}u‘ air, and then letting fall small tufts of hay far and wide 
over tin? country ; but tln^y are sometimes so powerful as to 
dry up lakes and ponds, and to bnnik off the* boughs of trees, 
and carry them up in a whirling column of air. 

Dr. Franklin tells us, in one of his letbu's, that he saw, in 
Marjdand, a whirlwind which began by taking up the dust 
which lay in the road, in the fonu of a sugar-loaf with the 
poinU'd <md downw^ards, and soon after grew to the height 
of forty or fifty feet, being twenty or thirty in diameter. It 
advanced in a direction contrary to the wind ; and although 
the rotatory niotioii of the column was surprisingly rapid, 
its onward progress was suffici^uitly slow to allow a man to 
keej) pace with it on foot. Franklin followed it on horse- 
back, uecomi)aiii(Hl by his smi, for three quarters of a mile, 
and saw it imter a wood, where it twisted and turned round 
larg(‘ tn‘es with surprising force. These wtTe carried up 
in a spiral line, and wvrv seen flying in the air, together 
with boughs and innumerable leaves, which, from their 
height, appeared reduced to the size of flies. As this cause 
operati^s at different intervals of time throughout a great 
portion of the eart h’s surface, it may be the means of bear- 
ing not only plants but insects, land testacea and their eggs, 
with many other species of animals, to points which they 
could never otherwise have reached, and from which they 
may then begin to propagate themselves again as from a 
new centre. 

Ageiicy of rivers and cxirre^its , — In considering, in the next 
place, the instrumentality of the aqueous agents of dis- 
persion, I cannot do better than cite the words of one of 
our ablest botanical writers. ‘ The mountain stream or 
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torrent/ observes Keith, ‘washes down to tlie valley the 
seeds which may accidentally full into it, or which it may 
happen to sweep from its banks when it suddenly overflows 
them. The broad and majestic river, winding ulou^ the 
extensive plain, and traversing the continents of tlu‘ world, 
conveys to the distance of many hundreds of miles the stHnls 
that may have vegetated at its source. Thus the southern 
shores of the Baltic are visited by sei‘d8 which grew in tlu» 
interior of Germany, and the western shores of the Atlantic 
by seeds that have been generated in the interior of Ameri(*a/* 
Fruits, moreover, indigtmous to America and the West Indies, 
such as that of the Mirnoaa scandens^ the cashew- nut, Jind others, 
have been known to be drifted across the Atlantic by tli(‘ Giilf- 
strearn, on the western coasts of Europt*, in such a state that 
they might have vegetated had tlie climate and soil been 
favourable. Among tlu'se the (i n llandlnti liondury a legu- 
minous plant, is particularly nu‘nti(uied, as having betm raised 
from a seed found on the west coast of I reland. t 

Sir Hans Sloane states, that several kinds of b(*ans cast 
aslnjre on the Orkin^y Isles, and Ireland, but mau* of which 
appear to liave naturalistal tliemselves, are d(‘riv(‘d from 
which gmv in the W(‘st Indies, and many of them in 
Jamaica. H(‘ conjectun*s that they might Iiave been con- 
veyed by rivers into tlie sea, and tlurn l>y tht^ Gulf-stream, to 
greater distances. 

The absence of liquid matter in the composition of simhIs 
renders them comparatively insensible to beat and cold, so 
that they may be can'ied without detriment through climates 
where the plants themselves w’ould instantly perish. Such 
is their powder of resisting the effects of heat, that Spal- 
lanzani mentions some seeds that g<.*rmiuated aftcT having 
been boiled in water. J Sir John lierschel informed me that 
he has sown at the Cape of Good Hope the s(h‘(Is of the 
Acacia lophanta after they had remained for twelve hours in 
water of 140° Fahrenheit, and they germinated far more 
rapidly than unboiled seeds. He also stated that an emi- 

♦ System of Physiological Botany, p. 481. 

Tol. ii. p. 405. % System of Physiological Botany, 

t Brown, Append, to Tuckey, No. v. vol. ii. p. 103. 
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nent botanist, Baron Ludwig, could not get the seeds of a 
species of cedar to grow at the Cape till they were thoroughly 
boiled. 

Wh(*n, therefore, a strong gale, after blowing violently oflF 
the land for a time, dies away, and the seeds alight upon the 
surface of the waters, or wherever the ocean, by eating away 
the Hea-(diffs, throws down into its waves plants which would 
never otherwise reach the shores, the tides and currents 
become active instruments in assisting the dissemination of 
various (dasses of the veg^dable kingdom. Tlie pandanus and 
many other plants have been distributed in this way over the 
islands of the Pacific. 

In a collection of GOO plants from the ludghbourhood 
of the river Zaire, in Africa, tlie late Dr. Robert Brown 
found that thirteen species w(jre also met wdth on the oppo- 
site shores of CJuiana and Brazil. He remarked tliat most of 
these plants w^ere found only on the lower parts of the river 
Zaire, and were chietly such as produc(*d seeds capable of 
retaining their vitality a long time in the currents of the 
oiaain. Dr. J. Hooker informs me that after an examination 
<d’ a great many insular floras, he has found that no one of 
the large natural orders is so rich in species common to other 
countries as the Leguminosie. The seeds in this order, which 
comj)risi*s the larg(‘st proportion of widely diffused littoral 
species, are bidter adapted than those of any other plants for 
water-carriage. 

Mr. Darwdii has made a series of experiments to ascertain 
the number of days for wdiich the seeds and fruits of various 
plants could be immersed in salt water without injury, and 
he found that out of 87 kinds, G4 germinated after they had 
been 28 days in salt w’ater, and some survived an immersion 
of 37 days. According to the average rate at which oceanic 
currents run, he came to the conclusion that a large number 
of seeds might be carried uninjured for nearly 1,000 miles 
across the sea.* 

Currents and winds in the arctic regions drift along ice- 
bergs covered with an alluvial soil, on which pine-saplings 
and a variety of herbaceous plants are seen growing, all of 

^ Origin of Specios, chap. xi. 
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which may continue to vegetate on some distant shore where 
the ice-island may be stranded. 

Difipersimi of marine pinntif, — With res j>eet to marine vege- 
tation, the seeds, being in their native element, may remain 
immersed in water without injury for indefinite periods, so 
that there is no difficulty in conceiving the diffusion of sjK^eies 
wffierever uncongenial climates, contrary currents, and other 
causes do not interfere. All are familiar with the sight of 
the floating sea-weed : 

Flung from the rock on ocoaii'.s foam to bail, 

\V IjtTc'er ihc Hurgc may ^\vcc^^ liu’ temjuj^t h hn aih |»n*vail 

T have before called attention (p. dS9) to tlu^ inti'resting 
fact that one-fifth of all the algje found in tlu* antarctic 
regions in 1811-3, by Dr. J, llookm*, were of vspecii‘s common 
to the British seas, lie has snggt*st(Hl that <,‘old currents 
which prevail from Ca[>e Horn to the eipnitor, and ari‘ tlu‘re 
met by other cold waters, may by tlndr dinM*t inflmmce, as 
w'ell as by their tem]HU*aturc, facilitat(‘ the passage of ant- 
arctic spticies to the Arctic Ocetin. 

Remarkable accumulations (d* that s}>(*ci<‘s of s«‘a-weed 
generally known as gulf- weed, or sargassum, occur n<>rth of 
the equator in the Northern Atlantic. Colnmijus and other 
navigators, who first encountered these banks of algm, com- 
pared them to vast inundated meadows, and stated that they 
retarded the progress of their vessels. This mass <if floating 
vegetation, exceeding the British Isles in area, liivs between 
latitudes 20” and 35” to the south-west of Europe. 

Sir Hans Sloane stated in IGDfi that this w'eed grows on the 
rocks about Jamaica, and is known to be ‘ carri(Ml by the 
winds and currents towards the coast of Florida and thence 
into the North-Ainerican ocean, where it lies very thick on 
the surface of the sea.’* 

Humboldt first suggested that it occupies an eddy in that 
part of the Atlantic where the Gulf-stream is im^t by the 
current from the north ; and Maury gives a similar explana- 
tion of another large bank of kelp and drift-weed in the 
North Pacific, to the northward of the Sandwich Islands, 


* Phil. TraD8. 1696. 
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and of another in the Southern Ocean around Kerguelen’s 
Land, between lat. 40"" and 54®.* 

The late Robert Brown inclined to the opinion that the 
original Hource of the gulf-weed might be some parts of the 
coasts of tlie <iulf of Florida. When floating on the ocean 
it propagates itself rapidly by new fronds wliich are contin- 
ually pu.sh(‘d out from the old ones; and the larger portion of 
it being produced under such peculiar circumstances, the 
plant may perhaps become so modified as not to be easily 
ideiitifiiibh* witli the original sto(‘k from which it is de- 
rived.! Edward F<»rb<*H conceived that this weed first grew 
on an old coast -line simuj suhmerged ; this coast having 
forme<l the western extremity of the continent of Europe and 
Nortlj(*rn Africa, which then extended far into the Atlantic.! 
But the great d(.^[)tli of the ocean, ranging from 1,000 to 
10, (too feet, and often to a still greater depth, which prevails 
over a great part of the area assumed by this hypothesis to 
have been turned from land into sea since the Miocene 
epoch, makes me consider it far more ]>robable, that, instead 
of growing on a hank which has sunk down, the gulf-weed 
has be(‘n drifted from some part of America. 

As proof of the extent to which sea-weed is drifted, I may 
mention that along the northern edge of the Gulf-stream Dr. 
Hooker i'ound Furnn nodosna and 1\ scrru/a.'f, which he traced 
all the way from lat. N. to England. The hollow pod- 
like receptacles in which tlie spores of many algie are lodged, 
and the filaments attached to the seed-vessels of others, seem 
intended to give buoyancy. It may also be remarked that 
these hydrophytes are in general prolifennis^ so that the 
smallest fragment of a branch can be developed into a perfect 
plant. The spores, moreover, of the greater number of 
species are enveloped with a mucous matter like that wliich 
surrounds the eggs of some fish, and which not only protects 
them from injury, but serves to attach them to floating bodies 
or to rocks. 


* See map of SargaBSum seas, taken Gulf-weed, Miscell. Works, vol. i. Ray 
from Maury by Andrew Murray, Geog. Society, 1866. 

Dibt. of Mammals, 1866. ! E. Forbes. Fauna and Flora, &c., 

t R. Brown, Mode of Propagation of 18-16, vol. i. p. 349. 
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Afjency of animals in the disinhuitou <a plants . — But we 
have as yet considered part only of the fertile resources of 
nature for conveying seeds to a distance from their place of 
growth. The various triln's of animals are busily engaged 
in furthering an object whence they derive such important 
advantages. Sometimes an express provision is found in the 
structure of seeds to enable tliem to adliere firmly by prickles. 
hcKiks, and hairs to tlie coats of animals, or featlicrs r>f tht* 
winged tribt^ to whicdi they remain attac}n*<l for we('ks, or 
evert months, and an' borin' along into ovf'ry rcirion whilht*r 
birds or quadnqx'ds may migrab'. Linmens i*nnmorates 
fifty genera of plants, and the number now kinuvn to botanists 
is much greater, which an' arnn'd with hooks, by whicli, wlien 
ripe, they adhere to tlie coats of animals. Most of tln'se 
vegetables, lie remarks, n'qnire a soil onrieln'd witli dung. 
Few have failed to mark tlic hx'ks of w<»o] lianging on the 
thorn-bnshes, wherevc'r tlie sln*cp puss, and it is probable 
that the wolf and oilier Ix'asts of ]>rey nev('r give ehast' to 
herbivorous animals witliout being uneonsidonsly snliservient 
to this part of the vegetable ec'onorny. 

A deer has strayed irom the herd when browsing on some 
rich pasture, when he is snddi'iily alarmed by the ajqiroach 
of his foe. He instantly taki's to tlight, dashing tlirough 
many a thicket, and swimming across many a rivi'r and lake. 
The seeds of the herbs and shrubs which have* adben'd to bis 
smoking flanks, and even many a tliorny sju-ay, wliicli has 
been torn oft*, and has fixed itself in his hairy coat, are 
brushed oft* again in other thickets and eopsi's. Even on the 
spot where the victim is devoured many of tlx- .s(*eds wliieh 
he had swallowed immediately before the chase may be left 
on the ground uninjured, and ready to spring uj» in a new 
soil. 

The passage, indeed, of undigested seed.> tlirough the 
stomachs of animals is one of the most efticient causes of tlie 
dissemination of plants, and is, of all others, perhaps tlie most 
likely to be overlooked. Few are ignorant tliat a jiortion of 
the oats eaten by a horse preserve their germinating faculty 
in the dung. The fact of their being still nutntious is not 
lost on the sagacious rook. To many, says Linna'us, it seems 
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extraordinary, and something of a prodigy, that when a field 
is well tilled and sown with the l)est wheat, it freqtiently 
produces darntd or the wild oat, especially if it be manured 
with new duriL' ; they do not consider that the fertility of 
the smaller seeds is not destroyed in the stomachs of 
animais.* 

Some birds of the order Passeres devour the seeds of plants 
in great quantities, wliicdi tln^y eject again in very distant 
places, without destroying their faculty of vegetation: thus a 
flight of larks will fill tln^ cdeanest field with a great quantity 
of vjirious kinds of plants, as tin* melilot tr(*foil (Medict/go 
Ivpulhiff)^ and others whose seeds an‘ so heavy that the 
wind is not able to scatter tlnun to jiny distanee.f In like 
maniKjr the bla(*kbird and missfdthrush, when th(*y devour 
berries in t <.)0 great quantities, are known to consign them to 
the earth undig(*sted in their <*xcrement4 

Pulpy fruits serve quadrupeds and birds as food, while 
their 8(‘(‘ds, (►ften hard and indig<‘stibl(% pass unirijur(‘d 
through the intestines, and are deposited far from their 
original place of growth in a condition peculiarly fit for 
vegetation. § So well are the farmers, in some pai*ts of 
England, awar(^ of tliis fact, that when they desire to raise a 
quickset hedge in the shortest possible time, they feed 
turkeys with the haw’s of the common whib'-thorn {Crafa gun 
O^ryacnutlia)^ and thtm sow the stones which are ejected 
in their excrmmmt, when^by they gain an entire year in the 
growth of the plant. || Birds, wlien they pluck cherries, sloes, 
and haws, fly away with them to some convenient j)lace ; 
and when they have devoured the fruit, drop the stone into 
the ground. Captain Cook, in his account of the volcanic 
island of Tanna, one of the New^ llidrides, which he visited 
in liis second voyage, makes the following interesting obser- 
vation ; — ‘ Mr, Forster, in his botanical excursion this day, 
shot a pigeon, in the craw^ of which was a wild nutmeg.’f 
It is easy, therefore, to perceive that birds in their migra- 

* Liniiffiua, Amcen. Acad., vol. ii. Botany, p. 304. 1807. 

p. 409. * jj This information was communicated 

t Amo?n. Acad., vol. iA^ Essay 76. § 8. tome by Professor Henslow, of Cam- 

t Amcen. Acad., vol. vi. § 22. bridge. 

§ Smith’s Introd. to Phys. and Syst, ^ Book iii. ch. iv. 
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tions to great distances, whether across land or sea, may 
transport even heavy seeds to new isles and continents. 

The sudden deaths to whicli great nuinbin's of frugivorous 
birds are annually exposed must not lx* omitU^d as auxiliary 
to the tmnsportation of seeds to new habitations. When the 
sea retires from the shore, and leaves fruits and seeds on the 
beach, or in the mud of estuaries, it iniglit, by the returning 
tide, wash them away again, or d(*stroy them hy long immer- 
sion ; but when th(*y are swallowed by land birds which 
frequent the s(*a-side, or by wad<‘rs and wat(‘r-fowl, they are 
often borne inland ; and if the bird to whose crop they 
have been consigned is kilh^l, th<‘y may Ik* left to grow uj> 
far from the sea. Let sucli an ai'cident ha])p(*n but onee 
in a century, or a thousand years, it will lx* sufficient to 
spread many of tin* jilants from oiu* eonfiiunit toanotluT ; for 
in estimating tin* activity of the.se (‘aus(‘s, w(* must not con- 
sider whether they act slowly in relatirm to the j)eriod of 
our observation, but in refereneo to tluMluration of spec*i(*s in 
general. 

Let us trace the operation of this cause in eonneetiou with 
others. A tempestuous wind hoars tin* seeds of a plant 
many miles through tin* aii*, and tlnui delivers them to the 
ocean ; the oceanic current drifts them to a distant continent ; 
by the fall of the tide they become the food of num(‘rous 
birds, and one of these* is seizoel by a liawk or eagle, which, 
soaring across hill and dale to a ]>lace of retreat, leaves, after 
devouring its prey, the unpalatable seeds to spring up and 
flourish in a new soil, 

Mr. Darwin found that fresh-water fish eat tlie seexls of 
many land and water plants, and as tlie same* iisli an* often 
devoured by birds, such seeds may be readily transported by 
them to great distances. The same naturalist observed also 
that the earth adhering to the feet of birds often contains a 
variety of seeds of plants ; and he Tra*ntions one ease where 
from a ball of earth taken from the leg of a partridge he 
raised more than 80 individual plants belonging to sf>eeies 
both of monocotyledons and dicotyledons.* Insects are 
probably instrumental like birds in disseminating plants, for 

* Origin of Specie*, 4th edition, p. 432. 
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proofs have lately been obtained (see Chapter xll) of the 
germinal inf,' power of seeds swallowed by locnsts and rejected 
in their dung. 

The machinery above adverted to, is so capable of dissemi- 
nating seeds over almost unbounded spaces, that were we 
more iT)tirnately acquainted with the economy of nature, we 
might probably explain nearly all the instances of plants 
inhabiting two points very remote from each other and not 
feund in jdaces inti^rmediate ; but some difficulties must 
remain in accounting for the range of s{>ecies so long as the 
botanist confines his sprcnlations to the present state of the 
earth’s physical geogra])hy and climale. For the geologist 
can slmw that great clianges have taken plac(' in the height 
of tlu* land and in the position of land and sea since the 
greater number of ilie living spi^cies of plants came into 
being. And we shall S('e in (Hiapter XLii. how much the 
rarity, or the entire extinction, of species is promoted 
by tli('S(‘ cliang<'s. 

A(f(^vrij (if man in dlftfirri^lon of jflants \ — But in addition 
to all tlH‘ agents alnnnly enumerat^al as instrumental in 
diffusing plants ov(‘r the globe, we liavt' still to consider man 
— one of the most im]>ortant of all. lb* transports with him, 
into ('very n'gion, the vt'getables whi(‘li Ik' cultivates for his 
wants, and is the involuntary mt'ans of spreading a still 
great('r numlx'r wdiiidi are us(dess to him, or even noxious. 

‘ When the introduction of (uiltivated jdants,’ says I)e Can- 
dollt', ‘ is of recent dat(*, then' is no difficulty in tracing their 
origin ; hut when it is of high antir|uity, we are often igno- 
rant of the true country of tlie plants on wliicli we feed. No 
one contests tlie Anu^ric'an orig-in of tlu' maize or the potato ; 
uor the origin, in the Old World, of the coffee-tree, and of 
wheat. But there are ci'rtain objects of culture, of very 
ancient date, between the tropics, such for example as the 
banana, of wdiich the origin cannot be verified. Armies, . 
in modem times, have been known to carry, in all directions, 
grain and cultivated vegetables from one extremity of 
Europe to the other; and thus have shown ns how, in 
more ancient times, the conquests of Alexander, the distant 
expeditious of the Romans, and afterwards the Crusades, may 
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have transported many plants from one part of the world to 
the other/* 

But, besides the plants used in agriculture, the number 
which have been naturalised by accident, or which man 
has spread unintentionally, is considerable. One of our old 
authors, Josselyn, gives a catalogue of such plants as had, 
in his time, sprung up in the colony since the English 
planted and kept cattle in New England. They were two- 
and-twenty in number. The common nettle was the first 
which the settlers noticfnl ; and the ]>lantain was called by 
the Indians ^ Englishman’s foot,’ as if it sprung from their 
footsteps, t 

‘ We have introduced everywhere/ okserves Do Candolle, 

^ some weeds which grow among our various kinds of wheat, 
and which have been received, perhaps, originally from Asia 
along with them. Thus, togt^ther with the Barhary wheat, 
the inhabitants of the south of Europe havt? sown, for many 
ages, the plants of Algi(.*rs and Tunis. With tln^ wools and 
cottons of the East, or of Barhary, then* are ofttni brought 
into France the grains of exotic plants, some of which natu- 
ralise themselves. Of this I will cit(* a striking example. 
There is, at the gate of Mont[>ellicr, a meadow s(*t apart for 
drying foreign W’ool, after it Ikih been leaxlted. There hai'dly 
passes a year without foreign plants being found naturalised 
in this drying-ground. I liavc* gathtu'ed there Codaurm 
parvijtora^ Ptforalea palantina^ and Hypericum crispumf This 
fact is not only illustrative of the aid which man huiJs inad- 
vertently to the j)ropagation of plants, but it also demon- 
strates the multiplicity of seeds which are borne alx>ut in tlie 
woolly and hairy coats of wild animals. 

The same botanist mentions instances of plants naturalised 
in seaports by the ballast of ships ; and several examples of 
others wdiicli have spread through Europe from botanical 
gardens, so as to have become more common than many 
indigenous species. Of these the water-tliyme (Attacharis 
aUinmtrum) is a striking example. Introduced into this 
country from America in 1841, it has sj^read so rapidly that 


* De Candolle, Essai Elimfn.&c. p.jO. f Quarterly Review, vol. iix. p. 8. 
VOL. II. D D 
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it has become a nuisance by OTerrunning ponds and ditches^ 
and impeding the navigation of rivers and canals, in spite of 
all efforts to eradicate it. 

It is scarcely a ceutuiy, says Linnseus, since the Canadian 
Erigeron^ or flea-bane, was brought from America to the 
botanical garden at Paris ; and already the seeds have been 
carried by the winds so that it is diffused over France, the 
British Islands, Italy, Sicily, Holland, and Germany,* 
Several others are mentioned by the Swedish naturalist as 
having been dispersed by similar means. The common 
thorn-apple {Datura Stramonium)^ observes Willdenow, now 
grows as a noxious weed throughout all Europe, with the 
exception of Sweden, Lapland, and Russia. It came from 
the East Indies and Abyssinia to us, and was thus universally 
spread by certain quacks, who used its seeds as an emetic. t 
The same plant is now abundant throughout the greater 
part of the United States, along road- sides, and about farm- 
yards, The yellow monkey-flower, Mimnlus luteus^ a plant 
from the nortli-west region of America, has now established 
itself in various parts of England, and is spreading rapidly. 

In hot and ill-cultivated countries, such naturalisations 
take place more easily. Thus the Chenojmlium amhrosioidesy 
sown by Mr. Burchell on a point of St. Helena, multiplied so 
fast in four years as to become one of the commonest weeds 
in the island, and it has maintained its ground ever since 
1845.J 

The most remarkable proof, says De Candolle, of the extent 
to which man is unconsciously the instrument of dispersing 
and naturalising species, is found in the fact, that in New 
Holland, America, and the Cape of Good Hope, the Euro- 
pean species exceed in number all the others which have 
come from any distant regions ; so that, in this instance, the 
influence of man has surpassed that of all the other causes 
which tend to disperse plants over remote regions. About 
a fifth of the British flowering plants are supposed to be 
naturalised species, and a large proportion of them would 
perish with the discontinuance of agriculture. 

^ Essay on the Habitable Earth, f Principles of Botany, p. 389, 

Axnoen. Acad ; vol. ii. p. 409. { Ibid, 
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Although we are but slightly acquainted, as yet, with the ex- 
tent of our instrumentality in naturalising species, yet the 
facts ascertained afford no small reason to suspect tlmt the 
number which we introduce unintentionally exceeds all those 
transported by design. Nor is it unnatural to suppose tluit 
the functions, which the inferior beings extirpated by man 
once discharged in the economy of nature, should devolve 
upon the human race. If we drive many birds of passage 
from different countries, we are probably required to fulHl 
their office of carrying seeds, eggs of lish, insects, mollusks, 
and other creatiires, to distant regions : if we extirpate quad- 
mj>eds we must replace them not merely as consumers of 
the animal and vegetable substances which they devoured, 
but as disseniiuators of plants, and of the inferior classes of 
the animal kingdom. I do not mean to insinuate that the 
very same changes which man brings about, would have 
taken place by means of the agency of other species, but 
merely that he supersedes a certain number of agents ; and 
so far as he disperses plants unintentionally, or even against 
his will, his intervention is strictly analogous to that of the 
species so extirpated. 

1 may observe, moreover, that if, at former ptTiods, the 
animals inhabiting any given district have been i>artially 
altered by the extinction of some species, and the introduction 
of others, a change must have taken place in regard to the 
particular plants conveyed about with them to foreign coun- 
tries. As, for example, when one set of migratory birds is 
substituted for another, the countries from and to which 
seeds are transported are immediately changed. Vicissi- 
tudes, therefore, analogous to those which man has occa- 
sioned, may have previously attended the springing up of 
new relations between species in the vegetable and animal 
worlds. 

It may also be remarked, that if man is the most active 
agent in enlarging, so also is he in circuinscribing, the geo- 
graphical boundaries of particular plants. He promotes the 
migration of some, he retards that of other species ; so that, 
while in many respects he appears to be exerting his power 
to blend and confound the various provinces of indigenous 
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species, he is, in other ways, instrumental in obstructing the 
fusion into one group of the inhabitants of contiguous pro- 
vinces. 

Botanists are well aware that garden plants naturalise 
and diffuse themselves with great facility in comparatively 
unreclaimed countries, but spread themselves slowly and 
with difficulty in districts highly cultivated. There are 
many obvious causes for this difference : by drainage and 
culture the natural variety of stations is diminished, and 
those stray individuals by which the passage of a species 
from one fit station to another is effected, are no sooner 
det(Htied by the agriculturist than they are uprooted as 
weeds. The large shrubs and trees, in particular, can 
scarcely ever escape observation, when they have attained 
a certain si/^e, and will rarely fail to be cut down if un- 
profitable. 

The same observations are applicable to the interchange of 
the insects, birds, and qmulrupeds of two regions situated 
like those alx)ve alluded to. No beasts of prey are permitted 
to make their way across tlie intervening arable tracts. Many 
birds, and hundreds of insects, which would have found some 
palatable food amongst the various herbs and trees of the 
primeval wilderness, are unable to subsist on the olive, the 
vine, the wheat, and a few trees and grasses favoured by 
man. In addition, therefore, to his direct intervention, man, 
in this case, operates indirectly to impede the dissemination 
of plants, by intercepting the migration of animals, many of 
which would otherwise have been active in transporting seeds 
from one province to another. 

We shall see in the sequel that species belonging to 
genera, previously foreign to the province into which they 
are introduced, often make their way more readily than 
plants of those genera and species which are indigenous, a 
fact which has a very important bearing on the theory of the 
origin of species. It is unfavourable to the doctrine that 
new species have been specially ci'eated in eiich station as 
best fitted of all possible organisms to flourish there, while it 
agrees perfectly with the view that new lands or stations are 
first colonised by such plants and animals as can gain access 
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to them withont violating the fixed and immutable laws 
which govern the diflftision of 8i)ecie8. Once introduced, 
thej may become adapted by variation and selection to all 
the peculiar conditions of the new region ; but they may 
still be less fitted for it than some other organisms which 
may coexist on the globe, and which may hitherto have 
been prevented by impassable barriers from reaching the 
same country so as to assert their superiority in the battle 
of life. 
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CHAPTER XLI. 

INftULAR FLORAS AND FAUNAS CONSIDERED WITH REFERENCE 
TO THE ORIGIN OF SPECIES. 

VOrCAKlC OMIOKV AM) M!()CRNK AOK OK THK ATLANTIC ISLAND?) — THKV 
HATK NUT UKKN HINCK NIIIMKHOKI), NOH UNITKD WITH OTHKU ISLANDS 
— AHOUMENTH AGAINST CONTINKNTAL EXTENSION MAI’ SHOWING THK 
GUKAT DKnH OK THK (KEAN HKTW'KKN THE VOLCANIC ARCHI rKLACiOM 
OF THK NOHTH ATl.ANTK' AND THK MAINl AND srEMAHINK VOLCANIC 
KUCT’TIONS (»F THE 1‘UK^KNT t KNTV KY — (,ENI.UAL IM'EUF.NCKS TO HE DR- 
nn'KD from THE ENDEMIC AND OTHER SKKCIKS oK ANIMALS AND T’l-ANTS 
IN THK ATLANTIC' ISLANDS — FROM MAMMALIA -FROM HI RDS— FROM IN^KC’TS 
FROM I'l^NTS FROM LANDSHFI.LS -SMALL NCMHER OF SFKCIKS OF 
1ANDMHFJ-1>S COMMON TO MADEIRA AND I’OUTO SANTO — KK()K()RTlON OF 
SKECIKS COMMON TO MADKJRA AND THK DEJ^KRTAS - Cc^NTRAsT OF THE, TESTA- 
CECjCS TAT’.VA of the HRITISII IM.LS AND THAT OF THE, ATLANTIC ISLANDS 
-MODE IN W'HICH AN OCKANIC ISLAND MICJIH’ HEtDML KKorLKD WITH 
lAND.SHKLLM" VARIAHILITY OE HEKCIES Nc»T GREATER IN ISLANDS TUAN ON 
i O NT IN ENTS. 

In the present chapter I shall consider the characteristic 
fiMitnres of the fanna and flora of islands remote from con- 
tinents. It has been truly said, that the distribution of 
sp<M*ies in such jieculiar situations affords perhaps the severest 
test by which the thcwy of Variation and Natural Selection 
can be tried. 

I have already stated that, as a p^enoral rule, when islands 
are near a continent, especially if tliey are only divided from 
it by a shallow sea, less, for examjde, than 100 fathoms in 
depth, their flora and fauna are identical with that of the 
mainland. But when an island, like Madafjascar, is of large 
size, and is divided from the mainland by a deep channel of 
the sea several hundred miles wide, the species of quadrupeds 
differ from those on the continent, although nearly all the 
genera are the same, while of the other members of the 
animal and vegetable kingdoms there is a greater or less 
identity according to the class to which they belong. 

If we then go a step farther, and contemplate small islands 
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far fix>m land and surraunded by a deep ocean, we find that 
they are remarkable for the number of peculiar species of 
animals and plants which they contain, even a single island 
of the same group being sometimes inhabited by many species 
exclusively belonging to it. Yet even in such localities an 
aflBnity can be traced between the insular forms considered as 
a whole, and those of the nearest continent — a relationship 
exceeding that which connects them with the fauna and flom 
of more distant parts of the globe. 

Volcanic oritjin and Miocene mje of the, AtUiniic ishmdu .^ — I 
shall refer chiefly to the Madeiras and Canaries us ty[>t}S of 
oceanic archipelagos, as 1 have myself visited iluun and 
studied their geological structure, without a knowledge of 
which the speculations and theories of a zoologist or botanist 
as to the mode in which they may luivt^ hoon peopled with living 
lx‘ings must necessarily be most, imperfect. For in the first 
place we recpiire iiitbnnation as to the period of the past to 
whicli the origin of the islands can be traee<l ba<*k, and then 
we have still b) enquire whetlier tliey an^ fragments of a j»re* 
existing continent, or were formed in mid -ocean by volcanic 
eruptions. 

If we find evidence that in llie case of tlu»se Atlantic 
islands the latter conclusion is true, we have still to l(*aTn 
w’hetber eac*h of them have continued abovt^ water during 
the wdiole course of its growili by suecessivt! eruptions, or 
wdiether it may have undergone oscillations of level, by alter- 
nate upheaval and subsidence. To most of tliese qiU'stions 
w'e are fortunately able to give satisfactory answ’ers. It 
may be affirmed that the earliest <*ruptions t(K>k place in tliat 
part of the Middle Tertiary period which I liave calb^l Upper 
Miocene. As soon as the first solid lavas raised their heads 
above water, they were exposed to the action of the weaves, 
and fragments of volcanic rocks were detached and rounde<l 
on the shore, and some of tliem swept into the mJjoining 
depths of the sea, so as to form pebble htnls, or conglo- 
merates, or sands and sandstones, in which corals and 
shells of Miocene species were imbedded. By far the larger 
number of these species are now' extinct. Their fossil re- 
mains have been rendered visible to us by their having been 
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uplifted in various islands to great heights, especially in the 
Grand Canary, Madeira, and Porto Santo, where they some- 
times reach elevations of from 1 ,500 to 2,000 feet above the 
level of the sea. The movement of elevation was, I believe, 
very gradual, and went on during the whole period which 
witnessed the piling up on these islands of several thousand 
feet of basaltic and tracliytic lavas, just as I have described 
the gradual rise of tlie Marine Pliocene strata, which con- 
stitiiUHl the foundations of Mount Etna, while the vol- 
canic superstructure of tlie great cone was continually in 
progress.* 

No\vlu*re could I dei(H*t, in any of the Atlantic islands 
which 1 visihKl, any signs of subsidence, or even of the tem- 
porary Hubnu*rgence of old ti‘rr<*btrial surfaces. In Mjuleira 
there arti hundreds of thin liorizontal layers of a red-brick 
colour, dividing thos(^ slieets of ancient lava which are seen 
in the sea-clitfs or in preci})ices in th(i intt^rior. They exactly 
rc'semble alayer of burnt vegetable mould near Catania, already 
described (p. El), as having been overflowed in the year 1669 
by a great lava-current, and all of them seem clearly to be 
similar ancient soils fornu'd by the decomposition of lava 
or volcanic sand. Th{‘y bear testimony to the reiterated 
obliteration and renewal of old habitable surfaces, unaccompa- 
nied by any signs of snbmergcnee or the intervention of the 
sea. The movtunenls of upheaval, on the other hand, seem 
to have been always partial and eoiilined wathin tlie limits of 
the separate islands in wdiieh we iind the marine strata up- 
lifted. The lOlMuthom liiu‘ is always near to the shore, t 
and outside of this line the depth of water increases very 
rapidly, so that it is higlily improbable that any of the prin- 
cipal islands were united and afterwards disjoined. Madeira 
would, indeed, be conneeted with the Dezertas^ if the sea was 
to sink 100 fathoms ((500 feet); but there is no geological 
n^asoii for presuming that the intervening ridge, over which 
there is, in one part, more than 400 feet of water, ever formed 
an unbroken isthmus joining Chao (see Map, fig. 143) to 
the south-eastern extremity of Madeira. 

The great antiquity of the Canaries and Madeiras is at- 

* Vol. ii. p. 5. t Map, p. 409. J See Map. 
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tested by the two-fold evidence of tlie height and magnitude 
of the islands themselves, and the age of the fossil organic 
remains (of Miocene date) already alluded to as having Ikhui 
imbedde<i in the products of early eruptions. 

In Madeira the volcanic aceuinulations rise to the hei -ht 
of 5,000 feet, and in the Gnind Canary to 0,000 feet. The 

Fis. us. 
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highest crater in Tenerifl'e rises to an (de vat ion of more than 
12,000 feet above the sea-lev(d. Wt* know tluit violent erup- 
tions are usually Sf*parated by long intervals of tinn* ; and 
from the history of the Canaries and volcanic archipelagos in 
general, we may infer that when one island is in a state of 
unusual volcanic activity, the other adjoining islands enjoy 
comparative repose. Moreover, in one and the same island, 
different sets of vents have been in eruption in succession ; as. 
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for example, in Madeira, where the series of cones which now 
constitutes the highest and central ridge, is not the most 
ancient, for lavas proceeding from those vents, and flowing 
southwards, have overwhelmed the products of an older 
series of eruptions.* 

Scarcely any progress has been made as yet in tracing in 
any of the archipelagos the passage from a Miocene to a 
recent fauna and flora by aid of fossil remains preserved in 
volcanic tuff ; but Mr. Hartung and I were fortunate enough 
to discover in 1854 at San Jorge in Maileira, in a deep ravine 
at the Innglit of 1,000 feet above the sea, a layer of lignite 
containing impressions of the leaves of forest trees and some 
ferns. They iippear to b(‘long to some part of the Pliocene 
period, and are certainly of gnsit antiquity, for the nume- 
rous beds of lava and layers of volcanic ash piled over them 
are about 1,100 ft*et thick. Sir C. F. Buubury, and after 
him Professor H(‘er, have shown that th(‘se fossil leaves prove 
Mad(ura to have been clothed, at the period when they were 
imbedded (possibly in the mud at the bottom of an old crater), 
with evergreens and other laurel-like trees, such as Lanrus 
and Oreodaphvr, mixed wuth species of European genera, 
together with ferns, such as Witodivardia — in fact, with just 
such forests and such an undergrowth as we now find charac- 
teristic of tin? native vegetation of the island. Some of the 
species, however, according to lleer, differ from any now 
living in Madeira. t 

It is a favourite opinion of some naturalists, and one 
advocated by Eilward Forbes, that the Azores, Madeiras, 
and Canaries are the last remaining fragments of a contin- 
uous ai'ea of land, which once connected them Avith the West 
of Europe and North Africa. In cu'der to explain my reasons 
for dissenting from this hypothesis, I may refer the reader to 
the adjoining map, partly based on a chart in Maury’s Phy- 
sical Geography of the Si^a, and partly on Admiralty charts, 
for an analysis of which I am indebted to Mr. T. Saunders. A 
glance at this map will satisfy the reader that the theory of 
continental extension involves an amount of change of level 

* See ‘ Lyell’s Eloraonts,’ p. 639. EU^ments/ 6th eilit. p. 642, and ‘ Stu- 

t See Bunbury, Geol. Quart. Joum., dent’s Elements,’ p. .516. 

1854, vol. X. p, 826, and ‘Lyell’s 
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80 vast, that to assume its occturence since the close of the 
Miocene epoch, is quite inconsistent with what we know of the 
constancy of the position of continents and oceanic basins 
throughout long geological periods. The Azores, in which 
the oldest fossiliferous rocks, like those of the Madeiras and 
Canaries, are of Upper Miocene date, are everywhere sur- 
rounded^ by a zone of ocean more than 10,000 feet deep. 
There is, indeed, one line of soundings having a depth of more 

Fig. 144. 
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a great continental area down to the sea-level, and then a 
further depression of the same from the sea-level to a depth 
of from 10,000 to 1 5,000 feet and upwards, all since the close 
of the Miocene period. The Madeiran archipelago, it will be 
seen, is near the line CD, which expresses a depth of 10,000 
feet, and the same may be said of the western portion of the 
Canarian archipelago. On the eastern side of this last, the 
ocean has a depth of several thousand feet, dividing Fuerta- 
Ventura and Lanzerote from the mainland. The general 
abruptness of the cliffs of all the Atlantic islands, coupled 
with the rapid deepening of tlu‘ sea outside the 100 fathom 
line, an? characters wdiich favour the opinion that each island 
was formed separately by igneous eruptions in a sea of great 
depth. No geologist can doubt that the beds of lava and 
volcanic ash originally sloped down gradually towards the 
shore, and that the abrupt pn?eipices now so genenil and often 
from 1,000 to 2,0(K) feet in almost perpendicular height 
facing the Atlantic, have been caus(Ml by the undermining 
action of the waves. 

Sahniarim^ rolcanir ervpfiotis of the prenent centuri /, — From 
what we know of the modern history of volcanic action in the 
basin of the Atlantic, we can be at no loss to conceive the 
maimer in wliich such groups as the Azores or Canaries 
originated. I have already mentioned that the foundations 
of a future archiptdago seem now in the act of being laid 
in optni 0 (‘ean iiortli-west of Ascension Island.* Here no 
less than 1,200 miles from the nearest ])art of Africa, un- 
equivocal signs of submarine eruptions are occasionally wit- 
nessed. On this 8]>ot, so far out of sight of land, we may 
expect on some future day that a cone and crater will be 
built up as was Sabrina in 1811, in the sea off* St. Michael’s, 
one of the Azores, or as was Graham’s Island, which in 1831 f 
rose up in a deep part of the Mediterranean, thirty miles 
from the nearest land, the south coast of Sicily. Although 
both these islands were gradually swe|)t away by the waves, 
they have left reefs of solid rock in those parts of the sea from 
which, on some future occasion, a new volcanic cone may 
arise. 


* See above, p. 64. 


t See above, p. 60. 
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In November 1867 a submarine volcano burst out in 
the South Pacific at a point 1,200 geographical miles from 
New Zealand and 1,800 from Australia, between two of 
the most easterly islands of the Samoa or Navigator’s 
Group, an archipelago where there hud been no tradition 
of an eruption within the memory of man. This outburst 
was preceded by numerous shixrks of earthquakes. Jets 
of mud and dense columns of volcanic sand and stones, 
rising 2,000 feet, and the fearful crash of masses of rock 
hurltnl uj)ward8 and coming in collision w'ith others which 
\vere falling, attested the great volume of ejecUnl matter, 
which accumulated in the bed of the ocean, although there 
was no permanent protrusion of a new volcano abovi* its 
level. 

General inferences to he deduced fnan the endemic and other 
species of animals and jfhnits i)i the Atlantic Islands, — Whether 
therefore we consider the composition of tlie rocks and struc- 
ture of the Atlantic ishinds, or tlndr c(nnparatively modern 
origin, or the vast de{>th and extent of the sea which separatoH 
them from the nearest continent, all thest^ cliaract(*rs consiure 
to lead to the belief that tlu^v liavt* been foriiunl in mid-ocean 
by volcanic agency ; and we shall find, if I mistake* not, that the* 
geographical distribution of the species, both of animals and 
plants, contained in them is far more in accordance wit h such 
an hypothesis than with that of continental extension. If, 
when the first islands wx*re formed, the earliest colonists con- 
sisted of plants and animals which aiTived as w^aifs and strays 
from the nearest land, they must have consisted of sjH*cies 
which inhabited Europe and the North of Africa in Upper 
Miocene times. Fortunately we have made considerable pro- 
gress in ascertaining what wa.s the character of the fauna and 
flora of that ei)Och, differing widely as it did from that now 
existing in the same regions. We know, for exam[)le, that 
the Miocene flora of Europe had a strong generic affinity to 
the vegetation now characterising Noiih America, much 
greater than to that of any other part of the globe in our own 
period ; so that, if we find American forms in these Atlantic 
islands, it does not violate the general law that the animate 
creation in ocaanic archijxjlagos bears always most resem- 
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blance to that of the nearest adjoining mainland, for these 
American forms are doubtless the remnants of a flora derived 
from an ancient and adjoining Miocene continent. But we 
must also remember that the Miocene fauna and flora of 
Europe gradually gave place to another of Pliocene date, and 
all these fluctuations in the animate world must have mode 
themselves felt in the oceanic islands in which the successive 
destruction and renovation by volcanic action of the terres- 
trial surfaces would facilitati3 the settling in them of new 
species brought to th(jm by the winds, marine currents, and 
various agents of tninaport, organic and inorganic. New 
sheets of lava would in particular weaken the barrier which 
preoccupancy opposes to new colonists; for the melted matter 
first annihilates every living thiiur over the strip of land, 
more or less broad, which extends from the volcanic orifice 
to the sea-coast, and then, after many years, when the lava 
has decomposed, it affords a fresli and virgin soil on which 
new immigrants may settle. Volcanic ejections and move- 
ments of upheaval, by causing peri>etual variations in the 
surface-level of each island above the sea, would also promote 
fluctuations in the fauna and flora. That low portion of 
Africa which is marked in our map (fig. l i^, p. 411), as the 
Sahara, was probably underwater during the Miocene period. 
It is also possible that some volcanic islands may, during or 
since the Miocene era, have been formed and again destroyed 
within the area embraced in this map. They may have played 
an important part in promoting the interchange of species 
between different archipelagos, or between them and the 
continent. 

It will be seen that at present, about half way between 
Madeira and the Canaries, there are some isolated rocks 
called the Salvages, which attain a height of 100 feet above 
the sea. The largest of them, which, like the rest, is unin- 
habited by man, is about a mile long. They rise from a deep 
ocean, and their steep cliffs show that they have been much 
reduced in size by the waves. The plants, insects, and land- 
shells found upon them belong in part to those peculiar types 
called ‘ Atlantic/ probably the relics of a Miocene fauna and 
flora. 
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The foregoing remarks on the geography and geology of 
the Atlantic islands are indispensable to a reader who would 
follow us in our speculations on the manner in which tliey 
may have become peopled with the animals and plants now 
inhabiting them. The absence or abundance of each class, 
the number of species common to the nearest continent, the 
range, whether limited or extensive, of each 8[>ecies through 
different islands or through different archi[)elago8, may throw 
light on the question whether species have lH*en indejKmd- 
ently created, or whether they are modifications of pre- 
existing forms, the products of Variation and Natural 
Selection. 

Mammalia , — The first great fact for which we have to 
account, is the entire absence (d* all indigenous Mammalia 
except bats. Palniii, one of the Canaries, is inhabited by an 
indigenous bat, the progenitors of which may have migrated 
to that island in Miocene or Plioc<nie times. 

When we have travelled over large and fi‘rtile islands, 
thirty miles or more in diameter, such as the Grand Canary 
and Teneriffe, and have seen how many domestic animals, 
such as camels, horses, asses, dogs, sheep and pigs, they now 
support, we cannot but feel amaz(Ml that not even the smaller 
wild animtils, such as squirrels, field-mice, and weasels, should 
be met with in a wild state. The reader may ask how such 
quadrupeds could have reached an island like Madeira, more 
than 360 miles from the nearest mainland ; but such a ques- 
tion at once implies the admission, that an arbitrary exer- 
tion of creative power does not give origin to Mammalia in 
every region where conditions favourable to their support 
may happen to exist. 

It was long ago remarked by Dr. Prichard,* that among 
the various groups of fertile islands in the Pacific, no quadru- 
peds, with the exception of a few bats, have been met with, 
which might not be supposed, like the dog, the hog, and 
the rat, to have been conveyed thither from New Guinea by 
the natives in canoes. What is more extraordinary, even the 
large island of New Zealand, when first explored by Euro- 
peans, was found to be destitute of indigenous Mammalia, 

* Prichard, Phys. Hist, of Mankind, vol. i. p. Ih, 
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except one species of rat and two bats, said to be different 
from any found elsewhere. Bats have been seen wandering 
by day far over the Atlantic Ocean, and two North American 
species are known to visit the Bermudas at the distance of 
000 miles from the mainland.* Mr. Darwin has therefore 
emphatically dwelt on the absence of Mammalia in islands 
far from continents, as strongly confirmatory of his theory of 
the origin of all speciiM by descent from pre-existing closely 
allied species. Th<‘ al>sence of Mammalia also supplies us 
with an argument against the doctrim* <»f continenttil exten- 
sion. IIa<l a large tract of land stretching from Europe to 
the Atlantic islaiuls bet*n gradually submerged, so that at last 
no vestige (jf it remaiiK^d above water, ex(*ept the tops of 
certain volcanic mmintniiis, the Mammalia would have re- 
irt»ated into such spots, for tlu‘ smallm* s[)ecies fit least might 
have found subsisteiice there. It has IxHm suggt^sted by the 
advocates of continental (extension, that if Java should sink 
down several thousand feet, no land would be left except the 
summits of a series of lofty volcanic cones, round which 
there would be overywben' a deep ocean. But these same 
cones, as wt' liave 8(Hm (p. d(>2), would each of them be in- 
habited by its peculiar Mydaus, and no doubt other species of 
Mammalia would take nduge tln*re. Had any quadrupeds 
been abh* to swim to the A/ores, Madeiras, or C’anaries in the 
Miocime e{)ocli, there is no ground for supposing that their 
descendants would not still survive ; for, as before stated, each 
island seems during its whole growth to have afforded a 
habitable surface to terrestrial beings. 

The rapid multiplication of goats when allowx^d to run 
wild in St. Helena, and of both goats and dogs in Juan Fer- 
nandez when introduced by tin? Spaniards, and of rabbits in 
Porto Santo, from a single brood imported there in 1418, 
proves the fitness of small islands to maintain wild quadru- 
peds, if they can once make their way into them. 

The total dearth of Batrachians (frogs, toads, and newts), 
has also been pointed out by Darwin, as a characteristic of 
oc/canic islands ; yet he remarks that frogs, when taken to 
Madeira, the Azores, and Mauritius, have thriven to such a 
* Origin of Species, p. 469 ; 6th edit. p. 351. 
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degree as to become a nuisance. If their spawn were 
carried down by a rirer to the sea, it would at once be de- 
stroyed by the salt water, as has been ascertained by experi- 
ment, and it is not of a nature to adhere to the feet of birds, 
as Mr. Darwin has found by observation. 

A strong current which flows from the north, and passes 
between the Atlantic archipelagos and the mainland, may 
j)erhap8 have prevented Mammalia and reptiles from rtwdi- 
ing even the Canaries, one of which, Fuertaventura, is now 
only fifty miles from Africa, though [Kjssihly it was more 
distant when the Sahara was still under water. The same 
current may have prevented canoes from being drifted to 
Madeira, which is so isolahHl in mid-ocean, and on the shores 
of which no human being is believ(*d to have ever landed 
until the year 14-19. Madeira now supports a populalion 
of about 80,009 souls, and when we coiisider the great bisiuty 
and fertility of the island, and that it has existed ever since 
the Miocene epoch, we are not merely called upon to exj>lain 
the absence of inferior animals, but why, if we adopt the 
theory of special creation, no race of mankind was formed 
expressly to inhabit such a paradise. 

Birds . — For the same reason that bats, being provided 
with wings, form an exception to tlu‘ general rule of the 
absence of Mammalia in oceanic islands, so we might 
expect that the feathered race would, of all classes of 
Vertebrata, be most fully represented. Accordingly we not 
only find this to be the case, but what is still more sig- 
nificant, as bearing on the theory of transmutation, almost 
all the birds in the Atlantic islands are absolutely identi(*al 
in species with those of the nearest mainland. Thus in the 
Canaries and Madeiras, all the species except three or four 
are European. Of the 99 Madeiran species, there is only 
one peculiar to that island, and it is closely related to a 
European form ; the other two non-European species are 
common to the Canaries. In the Azores, there are only two 
peculiar species, out of 51, and these two, a chaffinch and 
a bullfinch, are closely allied to European and North African 
birds.* 

* Ibis, Tol. ii. 1806, new series, p. 88. 
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We learn from Mr. Da Cane Godman, as before cited 
(p. 368), that every winter some birds are driven by violent 
gales over 1,000 miles of ocean from England to the Azores. 
The same observer informs us that the species are most 
numerous in the easternmost islands, and that the number 
diminishes rapidly as we examine those lying farther west, 
showing that the wearied and hungry voyagers drop down 
on tlui first land they discern. It is only by this frequent 
arrival of new-comers that we can explain the specific 
identity of the insular and contiiumtal fauna, the tendency 
to variation and indefinite? divergence being checkc?d in the 
manner (‘xjdained at j>. d22, by the absorption of the insular 
into the continental types, with which they are continually 
croH8(Hl. There are no American birds in the Azores, which 
cannot be entirely explained by the greater distance of that 
contiinuit, because no less than sixty species an* known to 
have crossed the Atlantic as 8traggl(*rs, and to have reached 
the British Islands. The fact simply proves that strong 
winds blowing continuously in the right direction, are indis- 
pensable to <*nable birds to colonise remote islands. 

Tin* Bermudas, which are 7b0 miles from the coasts of 
Am(»rica, are stocked with specAes all belonging to that con- 
tinent. Of* three European stragglers mentioned by Baird, 
two are common to Greenland, and may have come from the 
north, Newfoundland having starved as an intermediate 
halting-place ; and the third, our common skylark, a rare 
and occasional visiter, is so often carried in ships to America, 
that it may perhaps sometimes escape from a cage, and alight 
on the first land w’hicli presents itself. 

The number of days for which land-birds can fast would 
more tluin suffice for their flight from Europe or even from 
America to the Azores. Mr. Bartlett informs me that a 
partridge sent from tlie London Zoological Gardens to the 
country remained accidentally in the box in which it was 
enclosed for five days without food or water ; when dis- 
covered, it was alive, and being fed was soon restored to its 
usual vigour. 

The birds of the volcanic archipelago of the Galapagos 
present in some respects a contrast to those of the Atlantic 
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islands ; for although the distance from the nearest mainland 
is scarcely more than half that which separates the Azores 
from Europe, four-fifths of the land-birds are of species found 
nowhere else in the world. Out of twenty-six species, all but 
three or four are peculiar to tliese islands, at tlie same time 
that the whole of them lire of South American types. What 
is still more worthy of note, several of these land-birds are 
peculiar to a single island of tlie group.* To explain this 
we may suppose that continuous gales have rarely blown 
from South America to the Oalapagos since these islands 
first lifted their heads above tin* waves, and for ihis reason 
stragglers have only arrived after long intervals, some on 
one island and some on another. Once established, they 
have remained isolated, without cemninnication with binls 
of the parent stock on tlie South Arneri(*tiii nmiiilan<l, or with 
settlers of the same stock on other parts of the arcliijadago. 
Oil this subject Mr. (bidman remarks, that while in the 
Azores, winds are constantly blowing from all {loints of 
the compass, so that land-birds are carried during storms 
from one island to anotht*r, in the Gala])agi>s then* are no 
such violent gales, hut usually uniulerrupltHl calms. He 
also adds, that while the marim^ currents in tin* Azores (low 
in varying directions, those of the Galapagos are strong, 
and always in the same direction. As to the wel)-foot<Kl 
birds or waders of the Galapagos, Mr. Darwin found that 
out of 11 species all except two consist of species eonnnon 
to the nearest continent.f This fact agrees well with the 
very wide range of this ordc*r f»f birds in all parts of the 
world, and is in accordance with their migratory hahits. 
The relationship of the birds of the Atlantic islands to 
those of Euroj>e and North Africa is nearly the same as that 
usually observed in a continuous continent. A ft*w excep- 
tional and jieculiar tyj>e8 may in some cuses have arisen 
from Variation and Natural Selection, since they first arrived, 
and some of them may perhaps be the descendants of 
Miocene species or genera which have died out in the 
mother continent. 

Insects . — The insects of Madeira, the Salvages, and the 

* Darwin, Origin of Specie*, p. 465. 

s X 2 


t Ibid. 
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Canaries, unlike the birds, exhibit a large proportion of 
indigenous species, and a great many genera peculiar to the 
Atlantic islands, represented in each separate archipelago by 
distinct species. Mr. T. V. Wollaston, in liis ‘Coleoptera 
Atlantidum,’ lias described no less tlian 1,449 species of 
beetles belonging to the three groups of islands above 
mentioned. Nearly all these have been collected by 
himself, and of the whole number more than 1,000 are of 
species hitherto unknown as inhabiting any other region, 
although there is no doubt that a great many of them will 
hereafter be discovered in lands bordering the Mediterranean. 
The distinctness of the fauna of different archipelagos is 
shown by the fact that out of 1,007 species obtained from 
the Canaries, and 661 from the Madeiras, only 288 are 
common to the two groups. J]ven of these it is suspected 
that the larger iiumlx^r have been introduced by man, and it 
is quite certain that 88 species have been so imported in 
very modem times. 

Nearly every detached island adds some distinct species or 
marked variety to the general list, and one half of the 24 
species found on the rocks called the Salvages, before men- 
tioned, are i>ocnliar, soua^ of them belonging to those forms 
which have been calknl Atlantic types. ‘ If,’ says Wollaston, 

‘ we exclude those Ix^etles which have probably been natura- 
lised by human ageney, there are nmrv(dlousIy few species 
which jHTineate the whole of the archipelagos, yet with few 
exceptions the genera are common to the \vhole.’ Among the 
dominant forms the weevils, or Vurculionithr, preponderate 
greatly, and certain families of them are of essentially 
Atlantic types. No l(?ss than 50 species and varieties feed 
exclusively on the Euphorbias which are so abundant and 
diversified in form in the Canaries. Some fossil plants of 
the genus Euphorbia occur in the Miocene strata of (Eninghen 
in Europe, and the parent stock both of these plants and of 
the Atlantic OurculioniiJw may })erhaps have been derived 
from the old Miocene continent. It lias been already proved, 
by the researches of Heer and others, that the Miocene 
Coleopterous Fauna of Central Europe was actually richer 
than that now living in the same latitudes;* so that we 

^ ‘ Lyell’a Elements of Geology,’ p. 254 ; * Student's Elements,* p. 198. 
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maj well imagine that the Tarious means of transport 
already alluded to (p. 382), by which insects are often 
carried seaward, may have been the means of introducing 
into the oceanic islands some of the progenitors of the 
present insular fauna. 

The inferior facilities enjoyed by insects as compared to 
birds of crossing the sea^ afford probably the true explana- 
tion of the marked difference in the relationship of the two 
faunas to that of the mother continent, and also of the 
comparatively small number of insects common to different 
islands of the same group. In propi)rtion as the interchange 
of species is an event of rare oceurrtnice. Variation and 
Natural Selection will be efficacious in forming distinct races 
in separate islands. 

A recent examination of the bi^etles collected in the Azort's 
by Mr. Godman, and descrilx^d by Mr, Crotch,* shows that 
that archipelago presents phenoim^na analogous to those of 
the Canaries and Ma<leiras, although the pro}K>rtion of 
Atlantic types is smaller, and tin* living European forms 
more predominant. This somewhat anomalous ninU}. of 
things may perhaps lx* accounted for by the huit, that 
although the Azores are so miudi farth(*r from Europe than 
Madeira and the Canaries, yet they are situated in a much 
stormier latitude, and thus receive waifs and strays more 
frequently. 

FlanU. — Dr. Hooker, in his admirable essay on Insular 
Floras, t remarks that in Madeira, lx*«ides the numerous 
cultivated plants which have been introduced by man, and 
the poppies, fumitories, groundsels, and other weeds which 
he has brought with him unintentionally, there are other 
native varieties of European species, and sometimes re- 
presentative genera, which indicate a relationship to the 
nearest continent. He also observes that whereas we find 
on ascending mountains in Great Britain or on the continent 
of Europe, from the height of 2,W)0 feet and upwards, 
species pi*oper to more northern latitudes, and differing from 
those flourishing at lower levels, we do not meet with any 

* AzoreftD Coleoptera, Zool. Proc. t Lecture to Brit. Aiihoc. NoUing- 
1867; pt, ii. p. 349. hmm, 1866; Gardener’* Chronicle, 1867 
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snch boreal forms in Madeira even at the height of 4,000 
feet. The species become fewer as we ascend, but they 
continue to be the same as those which flourish at inferior 
elevations. Had the theory of continental extension been 
true, we might have expected the Atlantic islands to have 
borrowed their upland flora from higher latitudes during the 
Glacial period. 

A botanist, wholly ignorant of the plants which lived on 
the continent of Europe in Miocene times when the first 
volcanos were beginning their eruptions in the Canaries, 
Madeiras, and Azores, would l>e in no small degree perplexed 
at the presence in tliese archipelagos of such Atlantic types 
as Cletlira and Persea, of which living representatives exist 
in no part of the world nearer than the continent of North 
America. It would 8(*em to be a violation of the general 
law according to which the organic productions of islands 
bear most resemblance to those of the nearest continent. 
But fortunately the labours of Unger, Heer, and Giippert 
on the fossil botany of the Tertiary strata have shown us 
that EurojK?, when the Atlantic volcanos first reared their 
(•r(*8t8 above the waves, was covered with an exceedingly rich 
veg«‘fation. 

No less than 900 species of tliese fossil plants have been 
detected in the strata of a single locality at (Eninghen in 
Switzerland.* Tlie most conspicuous feature, says Heer, in 
this ancient flora, is the large numlxu' of genera of plants 
now peculiar to America ; whereas those having European 
affinities only hold the second rank, those of Asia the third, 
of Africa the fourth, and those of Austmlia the fifth. Among 
the prevailing American forms are Clethra and Persea, above 
alluded to, genera common to Madeira, the Canaries, and 
Azores. Regarded as itHcs of a Miocene flora, they are just 
such forms as we should naturally expect to have come from 
the adjoining Miocene continent. Another plant of a sin- 
gularly aberrant form, and which we may well imagine to be 
the last survivor of a Miocene type, is the Monizia edulis, 
belonging to a genus which has now no representative else- 

* For ft brief sketch of the Miocene flom and fauna, see ‘ Lyell's Elements/ 6th 
ed. chap, xv, ; and ‘ Student’s Elements/ p. 186 et seq. 
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where in the world. This conspicuous shrub is an umbelli** 
ferous plant with a stem like an inverted elephant^s inink^ 
crowned with a huge tuft of parsley-like foliage. A fine 
specimen of it may now (1867) be seen growing in the green- 
house of the Botanical Garden at Kew. It is i>eculiar to one 
of the rocky islands of the Dezertas,* where it probably owes 
its preservation to tlie exceptional conditions which it has 
there enjoyed cut off from all communication with other 
islands, into which new colonists, both of the animal and 
vegetable worlds, have been able mort* freely to jametrate. 

Dr. Hooker reminds us that the extinction of so many 
species and of some genera which flourished in the Miixjene 
period in Europe, is fully accounted for by tlie great change 
of climate which the tenn)erate latitudes of the northern 
hemisphere experienced in IHiocene and Glacial times. The 
old subtropical spetdes, which had lung flourished in Central 
Europe and in the regions bordering the MediU^rranean, 
gave way before a more northern flora, but many plants and 
not a few of the insects, which were t^xtirpated on the con- 
tinent, may well have survived in oceanic islands wliich 
enjoyed a milder and more equable tempt*rature. To this 
source we may probably refer those peculiar ‘ Atlantic tyi)e8 ’ 
above alluded to, whicli pervade all the archipelugoH. We 
are informed by Dr. Hooker that the set^ds of tlie West 
Indian bean-like climlx^r Entada were fluakd to the Azores 
3,000 miles by the Gulf-stream. These seeds, after such 
long immersion in salt water, although they could not stand 
the climate of the Azores, germinated in tlie Garden at 
Kew ; from which fact we learn how easily seeds of the 
Miocene period may have been caiTied uninjured by currents 
from the Mediterranean region to any one of the Atlantic 
islands, as none of them are so far from Euroi>e as are 
the Azores from the West Indies. But it is probably to 
birds more than to marine currents that new islands owe 
the plants which clothe them. We have alremly seen 
(p. 394) how many seeds which have been swallowed by 
birds and ejected in their dung, germinate freely, and these, 
if carried by a land-bird driven to a new volcanic island, 

* See Map, fig. 143, p. 409. 
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would tMxm cover the unoccttpied ground, until other species 
brought by a similar mode of transport came to dispute 
their monopoly. 

It is not easy to conjecture how many different modes of 
tninsport nature may have employed in peopling some At- 
lantic islands. Even icebergs may have played their part in 
carrying plants to the Azores in the Glacial period, for they 
are now sometimes floated to latitudes farther south than 
that archipelago, as we have already stated (Vol. I. p. 249). 
Mr. Hartung found fnigments of rock in the Azores which 
he regarded as erratics of iceborne origin. When, indeed, 
we consider all the changes in climate, and in the direction 
of winds and currcuits, and in the 8]>ecie8 of birds which have 
occurred in the lapse of millions of j^ears since the Miocene 
epoch, to say nothing of the incessant transformations under- 
gone by the volcanic islands themselves, we must feel that 
the colonisation of the several archipelagos has been the 
result of such a coiuplexity of causes and conditions, that 
the distribution of species is not more anomalous or ca- 
pricious in its character than we might reasonably have 
anticipatinl. If we find a plant or animal peculiar to a 
single island, we may suppose it to have been first brought 
tht»re as a straggler from the adjoining continent, and it may 
never have bc^en able to spread to any other island ; or it 
may have had a wider range until dispossessed of most of its 
former stations by new intruders, or by vol(‘anic eruptions ; 
or lastly, the {>aii‘nt stock may still flourisli in some one of 
the islands or archipelagos, but the descendants may have 
gone on diverging from the original type, until, in the lapse 
of thousiuids of generations, the amount of dilierence may be 
of specific value. When it is said that the Atlantic types, 
whether of plants or insects, are common to the Azores, 
Madeiras, and Canaries, it is only the genera which are 
spoken of, for the species are almost always distinct in each 
archipelago. 

Mr. Darwin had said in his ‘ Origin of Species,’ that we 
probably still remain ignorant of many means of transoceanic 
migration which will one day be discovered. These antici- 
pations have been singularly verified even since 1866, when 
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this opinion was advanced in the fourth edition of his 
celebrated work.* Some singular illustrations of the truth 
of this opinion have since been obtained. Hearing that 
many new plants had been observed to spring up in 
Southern Africa in districts which had been invaded by 
locusts, Mr. Darwin procured from a correspondent^ Mr. 
Weale, residing in Natal, a small packet of dry ItHuisi dung, 
weighing less than half an ounce. Seeds were extracted 
from the middle of several pellets, and their true nature 
ascertained by dissection, and others were sown, which wdien 
they had germinated, produced no less than stwen individuals 
belonging to at least two kinds of grasses. A locust of the 
migratory sjvecies blown from the coast of Africa was tak(*n 
on one wcasiou by Mr. Darwin himself when at sea, at a 
distance of J170 miles from the nearest land, or somewduit 
farther than is Mad<*ira from Africa. The same naturalist 
observed in lSd7 scuue mud adhering firmly to the fot»t of a 
woodcock, which wciglnnl when dry niiu* grains. He ex- 
tracted from it the seed of the Jinicus hufani^ which ger- 
minated. This fact throws much light on the colonisation 
of new islands by plants, for (d* all families even of wading 
birds the w^oinlcocks ar(‘ perhaps the most migratory, and 
there is scarcely a reinott? island wliidi tiny do not S(mietimeH 
reach. 

Mr. Lowe informs me ihat when he was in Madeira in 
1844 he witnessed the arrival at F\nichal of a flight of 
locusts, which came probably from Africa. For three days 
they whirled slowly in a circle or ellipse of about five inih^s 
diameter round the town, alighting on the trees at rdght 
and continuing their flight by day. They do not seem to 
have consumed much of the vegetation, and when caught 
appeared torpid and inactive. Their length was about three 
inches, and they were as numerous as the flakes of snow in a 
snowstorm, a telescope directed uj>ward8 not enabling the 
eye to reach the upper limits of the swarm. After two or 
three days they disappeared, and vast shoals of them were 
seen afterwards floating on the surface of the sea. It is 
remarkable that they made no permanent settlement upon 

* Chap. xi. 4th «i. p. 433. 1866. 
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the island, the locust not being one of the Madeiran insects, 
nor is it known that they introduced any new plants in their 
dung ; but as probably more than one migratory swarm has 
visited the island again and again, perhaps at distant in- 
tervals since it originated, some of the species of the insular 
flora may have been derived from this source* 

When we compare the flora of any one of the Atlantic archi- 
pelagos— that of the Madeiras for example— with that of the 
British Islands, the difference in the number of indigenous 
species and in the proportion of plants common to the 
nearest continent is truly marvellous. In the Madeiras there 
are hundreds of indigiuious species, although the entire flora 
is not half so numerous as the British, wliile, on the other 
hand, all tlu» British plants are species common to the conti- 
nent of Europe, except two, the Spiranfhes gemmi par a, which 
occurs on the north-west side of Bantry Bay in Ireland, and 
is found nowhere else on this sid(‘ of the Atlantic, and a North 
American water-plant, Eriocaulou Heptangulare, 

Lamhhelh , — I liave reservi^l to the last my comments on the 
landsludls, as their geographical distribution in the Atlantic 
islands is more singular and instructive than that of any other 
class of living beings. In the Madeiran archipelago especially, 
as was long ago ]>ointed out by the Rev. R. T. Lowe, every 
island has its distinct species, and the whole fauna differs 
almost entirely from that of Europe and Africa. Moreover, 
it is when we contemplate these air-breathing mollusks that 
we find the contrast between the Atlantic and British islands 
to have reached its climax; for in Great Britain no one of 
the difiereiit islands is characterised by peculiar species, 
and the iiisuhir and adjoining continental faunas are the 
same. 

Mr. Lowe, in the year 18d4, described 71 species of land- 
shells of the genera Helix^ BuUium^ Achatina^ &c., from the 
Madeiran archipelago, 44 of which were new. He then 
stated that but few of these were common to the Canaries, 
and, what was still more astonishing, only two were common 
to the islands of Madeira and Porto Santo, divided by a 
sea only 30 miles wide. Since his memoir was published 
his own further investigations, and those of Mr. Wollaston 
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and others, hare augmented the list of species, and taught 
ns that some few of those before known had a wider range 
than was at first supposed; but notwithstanding these 
additions to our knowledge, the general conclusions an- 
nounced in 1834 hold good, or are even rendered more 
striking. The instruction derived from this fauna is greatly 
enhanced by the occurrence, both in Madeira and in Porto 
Santo, of large assemblages of fossil shells which reveal to 
us the state of this part of the animal creation in the Newer 
Pliocene period. Some few of the fossil species are extinct, 
but most of them are the sam(* as those now' inliabiting 
Madeira and Porto Santo respectively; consequently the two 
ancient groups of sludls art* as dissimilar as are the tw'o 
recent ones. From this we learn that in the Newer Pliocene 
period the two islands iiiust havt* btH*n disjoined, as they are 
now. It is also clear that at that period neither island was 
united with tin* contiiu*nt of Europe; for scarcely any of the 
fossil species are European, and the abstmee of th«*8e coidirms 
the general opinitm of naturalists that almost all the species 
now living in this archipelago and common to the continent 
have been introdnc(‘d by man sinct* the beginning of the 
fifteenth cent\iry. During my short stay in Madeira there 
were found in the earth of a single Hower-pot in which a 
garden plant liad b(*en sent from Lisbon no less than three 
species of Portuguese snails (Helices), showing us how 
unconsciously the horticulturist is busied in alloying the 
purity of the native fauna. Most of tlie European shells 
have been found in the gardens of Funchal, from wducli 
principal town as from a centre they radiate for greater or 
less distances. 

At the time of my visit in 1854 the known living species 
of Madeira proper, excluding the modern intruders above 
alluded to, amounted to 5G, and those of Porto Hanto to 42 ; 
only 12 of the whole being common to both islands; and, 
what is of no small significance, even some of these 12 being 
represented in the two islands by distinct varieties. In truth, 
the discordance is more like that of two of the six great zoo- 
logical provinces of the globe before described (p. 337), than 
of two islands of the same province in sight of each other. 
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If we then refer to the fossil g^onps, we find 36 species in 
Madeira and 35 in Porto Santo, only 8 being common to 
the two islands, and 5 of these 8 being represented by 
distinct varieties in each island respectively. It was to be 
expf^cted that as Porto Santo is much less cultivated than 
Madeira, and has only a small human population, the fossil 
and living species should agree much more with each other 
than do those of Madeira ; and the fact that they do so en- 
courag(iH us to reject m spurious or as modern interlopers 
those landshells now living in Madeira which are missing in 
the fossil group of that island. The fossils occur at Cani^al 
near the eash^ru tixtremity of Madeira,* in prodigious 
riumberH, imbedde<l in a superficial deposit of calcareous 
sand and mud. Among the most common is a conspic- 
uous species of an unusual form named Helix delphinnla 
(from its resemblance to the marine genus Drlphwula)^ 
wdiich has entirely disappeared from the Atlantic islands. 
Another smaller but very characteristic shell, Helix tiarella, 
must have swarmed in the Newer Pliocene period, but it has 
now become so extremely rare that for a long time it was 
supposed to be extinct, until a few surviving individuals were 
deU'cted by Mr. Wollaston, in 1855, at a great height on some 
precipitous and nearly inaccessible rocks in the interior of 
Madeira. Two spt'cies of Achatina and two of Pupa, also 
fossil at Cani(j*al, are supposed to have disappeared from the 
living creation, but as they are of small dimensions they may 
possibly hav(‘ been overlooked, although, if extant, they must 
have become very scarce. 

In the shelly sand of Porto Santo a conspicuous shell, 
Helix Lowei, is very abundant. It is of so large a size that 
it could hardly have eseajKHl detection if it still existed on 
either of the principal islands, but lately a few individuals of 
this species have been detected on the rock called Tlheo di 
Ciina off Porto Santo.f By some conchologists Helix Lowei 
is regarded as a gigantic variety of the living H. Porto saiic^ 
ianuy which also occurs fossil in the same sands. If this 
opinion be correct, it offers by no means the only example in 


* See Map, fig. 143, p. 409. 


t Ibid. 
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the fauna of this archipelago of the same distinct races being 
found both fossil and recent, and in both cases without any 
intermediate varieties. One of the two forms may possibly 
represent the parent stock, and the other the extreme of 
divergence. There must once have existed, acconling to the 
theory of Natural Selection, all the transitional forms between 
the two extremes. But these forms may have died out for 
want of favourable conditions, or may have been absorbed 
into one or other of the extremes, which last may able to 
maintiiin their ground on the principle In^fore alludiHl to 
(p. 820), according to which more plants or animals find sup- 
port in a limited area if they are of many diflereiit genem 
than if they all belong to one gtnins. Theiv an* however in 
the Madeinin archipelago some poIyniorj>hous s{aM*ies, such us 
poli/morpha, in which tlic inmsitional links Ixdween flie 
extremes are not missing, and tht*y remind ns of the varieties 
of the English brambles and roses; but such cases are the 
exception to the rule, for reasons to be (explained in tlu» next 
chapter. 

1 have alluded to lit Ur Uanila in Madeira; an allied re- 
presentative of the same jHa^uliar form, //. atrounltt ^ abounds 
in a fossil state in Portx> Santo, and is also still living in 
that island, though it is rare. Another, or third clos(dy allied 
species, H, coroniila^ was first found fossil in Bugio, one of 
the Dezertas, and it probably still exists on some part of those 
inaccessible rcxjks, for a few living individuals have labdy been 
found on the nearest adjoining coast of Madeira. Tliey may 
supply an example of the smaller island having yielded one of 
its indigenous species to Madeira; for the absence of this 
shell among the fossils of Caiji<;al seems to imply that it has 
only recently gained ac^cess to Madeira proper. Thes(* throe 
distinct though kindred forms of a pecniliar division of the 
Helicidaj belonging to Madeira, Porto Sank), and the Dezer- 
tas remind us of the representative 8p<^cies of some genera 
found in Asia, Europe, and America. 

Having alluded to the Dezertas, I may tuld tliat 19 species 
of landshells have been found on them, 12 of which, or almut 
two-thirds of the whole, are common to Madeira, and only 
5 to Porto Santo. The nearer affinity of the fauna to 
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Madeira was to be expected, not only because of its ffreater 
proximity, but because, as will be seen by our map, Madeira 
and the Dezertas stand within the same 100 fathom line, 
and the channel l>etween them may once have been narrower, 
although there is no reason for believing that the land was 
ever continuous, or even that Chao, Dezerta Grande, and 
Bugio were ev(‘r united ; for each of these rocks has some 
species of shells as well as some varieties peculiar to itself. 
It is worth remarking, as showing the limited range of 
species when the whole archi[>elago is considered, that there 
are only two species of landslndls common to all the three 
faunas of Madeira, the Dezertas, and Porto Santo. 

The antiquity of the fossils of Madeira and Porto Santo 
is unmistakable, nlthough they are more modem than the 
newest lava streams ; for to say nothing of the time required 
to annihilate several species and greatly to alter the relative 
numbers of others, there are proofs of local geographical 
changes of subsequent date. Since the accumulation of 
the volcanic sand and mud, in which the landshells are 
enveloped, there has been much undermining of the sea-cliffs, 
both in th(‘ narrow promontory in which Cani 9 al is situated 
and on the iiortlnTii coast of Porto Santo. Some of the 
shelly formation of the last-mentioned island consists of 
sand-dunes which have been cut off abruptly in the vertical 
cliffs, and must once luive extended fartluT in a seaward 
direction. The whole island, indeed, of Porto Santo has 
suffered great denudation, and sotiie rocks indicated by the 
letters a h in our map (p. d<U)),one of tluun called the Falcon, 
now covered by only 2(! feet of water, and the other the 
Styx by 72 feet, may perhaps murk the site of isolated 
volcanic cones which once rose above the sea-level. But 
that the whole space Avithiu the 100 fathom line* was ever 
continuous land, T think imj)robal)Ie. Such an extension 
would give to Porto Santo five times its present dimensions. 
The proportion of extinct species as compared to the living 
ones in Madeira and Porto Santo is about 8 per cent., which 
may perhaps be slightly diminished by the future discovery of 


• See Map, fig. 143, p. 409. 
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some of the smaller species ; but the real discordance between 
the ancient and modern fauna will never disappear, for it is 
even greater than is expressed by the numerical statements 
above given, some s|>ecies formerly most dominant being 
now very feebly represenUnl, and some fossil mces as well os 
species having l>ecome extinct. 

The laudshells of the Canaries, when we exclude those 
which have probably been introduced by man, are very 
distinct from those of Madeira. The diffenuit islands in the 
Canaries have more species in common than tlu‘ Madeira^, 
but this fusion may be partly <»wing to the nmude and 
unknown period at wliich the aboriginal inhabitants, the 
Gnanchos, settUnl there. 

Contrast of thr ftstacrous fauna of ih*' British isles and that 
of the Atlantic islands , — I shall now n'vert to the 4*xtraordi- 
nary contrast b(‘twe(Mi tlH‘ distribution of landsliells in the 
Atlantic and British islands. If a curved line be di*awn from 
the Azores through Madtdra t/othe ('anaries, its length would 
be about 750 miles, or al>oni <Hpial to a line drawn from the 
Shetland islands through Scotland and Kngland to the Scilly 
islands. The British archipelago (snitains more than 200 
inhabited islands, \vh(*n wo inclndt* the Sind lands, Orkneys, 
Hebrides, ami others. In all of tln^se the laudshells are the 
same, whereas in ilu* Atlantic archipelagos it is not only 
the principal or habitable islands, but almost every unin- 
habited rock off the coast, whi(*h supplies the eonchologist 
with peculiar species or varieties. In British area, it 
would seem at first siglit, as if the land-snails luul never lia<l 
any difficulty in crossing the sea, whereas in the Atlantic 
archipelagos the narrowest marine channels hav4* formed in 
most cases impassable barriers. The Scilly islands are as far 
from Cornwall as is Madeira from Porto Santo, yot in them 
the eonchologist obtains no distinct species, nor even any 
marked races, whereas, on crossing from Ma/leira to Porto 
Santo, he finds four-fifths of the species different, Ix^sides 
some peculiar races, even of those shells which are common 
to the two sides of the channel. It may, no doubt, be said 
that the southern parts of England display a richer fauna, 
and contain certain species (about eight), which do not range 
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farther northwards than Yorkshire. These are : Helix 
pomaiia^ H* carthueiana^ H, revelaia^ H. Puaria^ IL ohvoluia^ 
Bulimun montamiSy Clausilia Rolphii^ and C. hipHcata, It is 
more difficult to name species which are peculiar to the north, 
Vertigo alpedrin affording perhaps a solitary example.* 

In what manner, then, can we explain or refer to one and 
the same law of distribution the apparently incongruous 
phenomcma exhibited in the two regions above compared 9 
Some zoologists who have been struck with the unusual 
iiumb(?r of endemic species and marked varieties observed 
in oceanic islands, have snggesb.^d that the terrestrial mol- 
lusca must be more variable than otlier classes of the 
animal kingdom. But this idoii is wljolly inadmissible, for 
we n(*(»d go no farther than the fossil faunas of Madeira and 
Porto Santo, above alluded to, to prove the remarkable con- 
stancy and ])ersiHtiuiey of form of the genera Helix^ Pupa^ 
AchaUwi^ and Claud! ia^ from the Newer Pliocene era to our 
own times. To solve the enigma we must appeal to the 
immense diffenmci^ in the lapse of time, during which the 
islands of the British and those of the Atlantic archipelagos 
have nunained st'parate from each other and from the nearest 
continents. In the one cuvse th(u*e has been everywhere a 
land conimunicatiou Indween evau'y part of the archipelago 
since the coninieiictunent of the Glacial period, when the 
species of marine' and terrestrial ti'stacaai were everywhere 
the same as they are now ; in the other there has been no 
land communication since the Miocene (‘jH)ch, wlieu the 
whole fauna and flora of the globe bore but a distant resem- 
blance to those now establisht'd. Our map (p. 409) will 
satisfy the reader, that if the bed of the Atlantic w^ere every- 
where uplifted 100 fathoms, all the principal archipelagos 
Hrud islands W'ould remain us disconnected as they are now, 
whereas we know that a similar upward movement would 
unite every one of the 200 British islands with each other 
and with the contineut.f Indeed, nearly all of them would 
be joined to the mainland and to each other with a change 
of level of less than 400 feet. TJiat there have been great 

• Soe Mr. J. Owj’n Jeffreys. British t ‘Antiquity of Man/ by the 
Concho logy, 1866-67. author, Map, fig. 41, p. 276. 
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movemente of oscillation in the British area since tlie Glacial 
j^eriod is proved by independent geological evidence, whereas 
there are no signs, as bt^fore stated, of any general move- 
ments of like magnitude in the Atlantic area, but only here 
and there some evidence of partial iipheavah 

I have already remarked that had Porto Santo In^en united 
with Madeira projH'r in the Newer Pliocene jHMdi>d, the two 
fossil faunas would have been fused together, instead <»f 
being as ditterent as are tin* living nativi* shells of tin* two 
islands. In (ireat Britain, also, we have a fossil fauna of 
terrestrial shells associated witli tin* bones of the Mammoth 
and other extijict mammalia in an<*if*nt drift ; and thisenabh's 
ns to carry back the comparisori of tin* Atlantic and British 
archij)elag(cs on<* step farther. We r'cognise in tin* British 
fossils tlu* same uniformity, i»r wide range of sperics, as 
in the actual or recent fauna. No less than IS speedes 
of fossil landslcdls were tolKaded by the* lut(* Mr. John 
Bn»wn from the Post-l'lio(*»‘m* tlrift ofPoprord in Kssex, and 
with till* (*xcej>tlon of two H«‘lir»*s (which still survivi* on the 
eontiue*rit ), all are (>f living British sp(‘eit s. But if Knglaiid 
liad bee.i .submergt‘(l a few huudrt'd fort, and divide<l into 
islands, even since the Plioe<‘iu‘ perio<l, we might have ex- 
p<*et<*d the sh<*lls asso(*iated with extinct (piadrupeds in 
different counties to display some marked want <»f agreement 
in 8pt‘ci<‘S and varieties. There is however no surli contrast. 
If, for exanii>le, we compare tin* landslndls of the Wilt- 
.shire drift, near Salisbury, of the agi* of tin* Mammoth, with 
tlnase of Essex before lueiitioned, jJa.ces twice as far apart 
as are Madcdra and l\>rto Santo, they exhibit no differeiu'e 
wliatev(*r in the spf*cies of fossil lands}n*lls. Froni this fact 
we may infer that, although the British art‘a has been j>artially 
submerged since the commencement of the (ihndal period, 
yet its normal state has been a continental cmc. 

Mofle in irhich f(7i ocmync inland rnitjht hf'camv ]tr<jplrd with 
landshdh , — The reader may well a.sk, if Madeira and Poiix) 
Santo have made so little progre.ss in intercJianging their 
respective species of landshells in the course of that vast 
lapse of ages which ha.s occiirred since the Newer Pliocene 
period, how could any of the Atlantic archipelagos ever have 
VOL. II. P P 
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become peopled by migration from Europe or Africa? The 
enigma is certainly perplexing, and we must aasume that tlie 
arrival of landshells, os waifs and strays from a continent, is 
an exceedingly rare event. It has been suggested that birds 
may tran8f)ort across the sea the eggs of these mollusks in 
mud attached to their feet. But if so, why have the birds 
which fly freely across the channel, only 30 miles wide, be- 
tween Mad(dra and Porto Santo, allowed the fauna of these 
two islands to remain so distinct? or why have those birds 
which arrive every year from the continent in the Atlantic 
islands introduced so few landshells ? IlitlnTto the naturalist 
has not witnessed the arrival of a new continental Helix on 
any remote oceanic island, except by the aid of man ; and to 
those who are unwilling to abandon in d(‘spair all hope of 
solving tlie problem, it is satisfactory that such should be 
the ease. How inexplicable for exaiiqde would be the dearth 
of land quadrupeds in tlu' Atlantic islands if some members of 
this class were seen occasionally to swim across the ocean 
from Europe to the Azores ! 

f.f hereafter w’c should discover the mode in which air- 
bn‘aihing mollusks can sometimes traverse a wdde expanse 
of oc<nin, we may be sure that th(» occasions of transport wdll 
be few^ and far Indwemi, so that a continental species wdien 
it colonist's a mwv island has time to vary and to give rise 
to one or two new raet's, before <.»ther represmitiitives of the 
original contiiu'iital type follow^ in tin' same direction, so as 
to cross w’ith the first settlers and elieck divergence. 

If floating timlx'r, or land-birds, or insects, or any other 
causes organic or inorganic, serve as the means of transport, 
theil|^igency must Ix' so casual and irregular as to cause the 
result to appear capricious in the extrenn'. 

^ The first Miocene Helix which reacht'd Madeini may have 
been of a diflerent speeies from the first w^hich reached Porto 
Santo. It has been imagined that Helix inflexa Martens, an 
extinct Miocene form of Europe, may liave been the parent 
stock of U, portosanctana^ of which the gigantic H. Lowei 
may be a variety, but the last-mentioned form seems never to 
have reached Madeira. The extim't 77. Haymondi, so common 
in the French Faluns or Upper Miocene strata, is supposed 



Ch- xll] reference to the origin of species. 


435 


to have been the ancestral type of another common shelh 
H. Boivditchiatm Pfeiffer, found botli and recent in 

Madeira and Porto Santo. 

Lt^t ns assume that certain Miocene species, nearly all 
of them long since extinct, were carried as waifs and strays 
to separate islands by a concurrence of circumstances s(» 
Hire as to hapj>en once only in st*vt‘ral hundnal thousand 
years, other combinutions eircinnstiinct*H almost e(|uallv 
rare might be required to convey a species from one islaial 
to another. A volcanic eruption, for example, which might 
only occur once in tlie whole course of the building up of 
an archipelago, at exactly the same .s(‘ason of the year, or 
at the same height iilant* tlie sea, with ccpial violence and 
when the wind or marine currents were in tla^ same din»ctiou. 
Such a convulsion might ionise th(* disj)ersion of somo 
Helices from on*' pari of an arehipelago to amdher in a 
manner alt<»geth(T without j^arallel during the anbredent 
or subsequent history of tlie sanio reghm. If the reader will 
refer to <mr description of the birth of Jlonte Nuovo, Vol. L 
p. 008, near Naj»les, in 15:18, he will see that while many 
land-birds were killiMl, tlioso w hicli escapi‘d and flew U^rrifitMl 
from tlie scene of the catastrophe, must, lilo* the limnan 
inhabitants, liave been covered witli mud w hich w’ as showered 
dowm so as to envelope all things. In tlie b<‘ginning of such 
an eruption, trees, shrubs, a ml vegetable soil, in wdiich the eggs 
of laiidshells must sometimes be imduded, would be hurled 
up into the air by the a(iueous vaj>our. The eggs of a pupa 
are sometimes so minute and tlieir terminal velocity in air so 
slight that they might be carried many miles by the wind 
before alighting on the ground — as far perhaps as Ma- 
deira to the Dezertas. Theri* is no reason for supposing 
that the tendency of species to form new varieties is greate# 
in an oceanic island than on a continent. But if islands hr. 
separated from each other throughput so long a i>eri(Kl as 
would be sufficient on the continent to change most of the 
species, then it is evident that there will be a greater manu- 
facture of new species in the islands. Let us suppose a band 
of emigrants to have gone from some European country a 
thousand years ago and to have formed colonies in the Azores, 

F F 2 
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Canaries, and Madeira^, and that all communication between 
them and the mother country and b<.*twecn the different 
archipelagos yvm cut off for a thousand years, there would then 
Ik? in all probability four languages spoken between the 
mother country and lier thre^e ccdonies all different from the 
original tongue of the ninth ce-ntury. The i>opulation of 
the three archipelagos, like the area of land formed by the 
whole of them, might be V4*ry insignificant compared with 
tluit of the country from which tin* first emigrants pro- 
eecdi‘d, y<*l llie snnilh'r number of islanders, in consecpience of 
their isolation, would have given rise to t]ir(*e ih‘w languages, 
and the inhabitants the continent to oin* only. Not that 
tin* inv<*ntioTi of n(‘w terms and idioms or the disust* of old 
ones would have gone on at a gn‘ater rate in the islands, 
but b(‘cause each ar<‘hi{)elago being M*j»arated from every other 
om* and from then'st oftln* world, hud formed an independent 
linguislic (*entre. In like manner the distim*tness of the 
landslndls in tin* Canarii‘S, Madeiras, and Azores, and in 
many of tin* S(*])arate islands of (*aeli, arc the results of the 
prolonged isolation! of small fragments of land in mid-ocean, 
not (»f a gr(*ater teinh‘n(*y in the testacea inhabiting such 
islands to vary. 

In ('ouclusioii I may observe*, that the extent to which the 
speci(*s of mammalia, birds, ins<*cts, landshells, and plants, 
(whether {lowering or crvptogamous,^ agrei* with continental 
specii'S, or tin* degree in which those of ditferent archipe- 
lagos or of difft‘rent islands of tin* same gnmj) agree* with 
each other, has an unmistake‘able relation to the known faci- 
lities enjov(*d by e*ach class of crossing tin* oci*an. Such a 
relationship aeTords well with tin* tln*t»ry of Variation and 
Natural Sidection, but with no otln‘r In potliesis yet suggested 
for explaining the origin of species. 
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rONIHTI»>N'^ WHICH KK.VHLi: Ki('H >VKi IK^ oB ri^\N I' TO MAINTAI.N ITh 
<iUOVXI» AUAINsr uTHRIi^ I’.Qt lTliliiirV IS rHK vr\!hKK OK .‘<rKClK‘<, HOW 
KUHSKHVKU — AtiT.Ni. Y OK IN f’UI •'BH VI \(, IHI*. liQl 11 NfHll M DKVAfJ* 

TAIlONu < AU'‘l.l) TV 10<^•^^H — Ki JKi J Oi i > VI M \ i >U< M s iMMiJ-i IN KlO-SHUV- 
INO TllK Mill Iltun M OK Hl*Kt IKN-OiKt'IH'Roi VI IVniKNiK Ol Ayliril'ANlI 
TKIiliK^rUIAL M'KCIKS — HoW tllVNoK^ INm\>|tAl OIDOUVKIJV AH B( 1 THH 
l>I>7UimTlON Ol M'Kt U> -KMI.SMON o) l HI. UANnl. Ol oNK SK1;*1K*» 

M rMi> THAT <0 OIUlU*> ‘•I Kl ovki» KI C Kt » -> .11 Jill Mt^Hl K.VrwVN.K oK 
IHi: lOJVK Hl.Ali INlOItl lVNO IN. Ul.V"!. o| KhlN-J»KlU IMfoUrKl) ISfo 
ICKLANO— INM I KM h ol SI VS IN lOUASOV.. I UK NIMKuOAl ».rai.NorH 
OK M*K( IK" IMil iKS H " gT \|)Ut KKIr. VMl IIIUIH HMUO An.ll IN OHI Vl' 

itKiTAiN KxriNi rtoN or nil ooi»o uvni> ruoi AiiA j los oj i»omi*tii 
gl AI)UI 1 I.Un oVM; nil. AMI.KK VN ioVllNiSi -ImVVKU or IV n UMlN VUNO 

.-riK n.'' NO TKKUot; \'l l\ r n| Mvn loMlVlHNo KlMAJ(K.^OS I.MlNtTloN 

COSDITIOSS H iurif r.NAltl i: EAiH SVKClllS OF PI. AST TO 
MAISTAIS ITS GHOrSD AGAISS'T (FTIIFUS. »l pnipose ill tlllS 
cluiptvr to treat of the various eauses tu which the continual 
extiiietioii of species, holh in the aniniai and veycdalihi 
creation, is due. 

Every naturalist is familiar with tlie fact, that altlioujLfh in a 
particular country, such as Great Hritain, tln^re maybe mure 
than ‘1,000 species of plants, 12,000 insects, and a ^reat varit 1y 
in each of the other classes ; yet there will not he more tlian 
100, perhaps not half that number, inhabiting any givmi 
locality. There may l>e no want of spaa.* in the supp(;sc*d 
limited area: it maybe a large mountain, or an extensive 
moor, or a great river-plain, containing room enoiigli for in- 
dividuals of every sj>ecies in our island ; yet the s[>ot will l>e 
occupied by a few to the exclusion of many, and these few 
are enabled, throughout long periods, to maintain their 
ground successfully against every intruder, notwithstanding 
the facilities which species enjoy, by virtue of those powers of 
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diffusion already mentioned (Chapters xxxviii., xxxix., xl.), 
of invading adjacent territories. 

The principal causes which enable a certain assemblage of 
plants thus to maintain their ground against all others de- 
pend, as is well known, on the relations l>et ween the physio- 
logical nature of each species, and the climate, exposure, 
soil, and other physical conditions of the locality, and the 
power of each to compete witli other organic beings in the 
struggle for life. Some plants live only on rocks, others in 
meadows, a third class in marshes. Of the latter, some 
delight in a fresh-water morass, — others in salt marshes, 
where their roots may copiously absorb saline particles. 
Some prefer an alpine region in a warm latitude, w^here, 
during the heat of Humnnu’, they are constantly iiTigated by 
the cool vvaUirs of melting snow's. To others loose sand, 
so fatal to the generality of sj)ecies, affords the most proj>er 
station. The Carex arrudrin and tln‘ Ehpnttx nrennrms acquire 
their full vigour on a sandy dune, obtaining an ascendency 
ov(*r the vcjry plants wliich in a stiff clay would immediately 
stifles them. 

Where the soil of a district is of so peculiar a nature that 
it is extremely favourable to certain species, and agrees ill 
with evi'ry other, the form<‘r get exclusive possession of the 
ground, and as in the case of liiaiths, live in societies. In 
like niann(*r ilu' bog moss {Sp/taijinnn) is fully develo})ed in 
peaty 8waimj)s, and becomes, lik(‘ the Innitli, in the language 
of botanists, a social }>lant. Such nu>iiopoli(‘s, however, are 
not common, for tlu»y are checked by various causes. Not 
only are many species endowed with equal powers to obtain 
and keep possession of similar stations, but the same spot of 
gi-ouud may for various n^asons be more fit to support a new 
species than one wdiieh has long lived upon it. Oaks, for ex- 
ample, render the soil more fertile for the fir tribe, because 
the oak having spread its roots deeply and wudely, leaves the 
soil near the surface in a practically virgin state, so that when 
by some cause, as a hurricane or a fire, the oak is desti-oyed, 
the young fir, whose small roots do not penetrate far below 
the surface, would, if its seeds were present and ready to 
germinate, find the soil fresh, and fitted for its nourishment. 
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So also any change of conditions, such as the submergence of 
a district, and its conversion into a marsh, or the destruction 
of an ancient forest by a hurricane, by causing heat, light, 
currents of air, moisture, or other influences to be felt for the 
first time in certain 8jx)ts or districts, would naturally give an 
opportunity to new plants to establish themselves, and many 
generations might pass away Ix'fore the original occupiers 
of the soil could again obtain possession of it. 

Equilibrinm in the munher of itpeciiSy how pre^ert^ed , — ‘All 
the plants of a given country,’ says De Candolle, in his 
usual spirit^^d style, ‘ are at war with one auotlier. The first 
which establish themselves by chance in a particular spot 
tend, by the mere occupancy of space, to exclude' other 
species — the greater choke the smaller; the longest Hv(*rs 
replace tliost* Avhicli last for a shorter j>eriod ; the more 
prolific gradually make themselves masters of the ground, 
which species multiplying m(»re slowly would otherwise fill/ 

In this continual strife, he i^bserves, it is not always the 
resources of the i)lant itself which (uiahle it to maintain or 
extend its ground. Its success de[»eiulH, in a great measure, 
on the number of its foes or allies, among tin* animals and 
plants inhabiting the same region. Thus, for <*xample, a 
herb which loves the shade* may multiply, if some tree with 
spreading bouglis and dense foliage* flourish iii the neigh- 
bourhood. Another, which, if unassisted, would be c»ver- 
powered by the niiik growth of some hardy coTnpetit/)r, is 
secure because its leaves are unpalatable to cattle ; which, on 
the other hand, annually crop down its antagonist, ^ud rarely 
suffer it to ripen its seed. 

Oftentimes we see some herb which has flow(»red in the 
midst of a thorny shrub, when all the other individuals r»f 
the same species, in the open fields around, are eaten down, 
and cannot bring their seed to maturity. In this case, the 
shrub has lent his armour of spines and prickles to protect 
the defenceless herb against the months of the cattle ; and 
thus a few individuals which occupied, i>erhap8, the most un- 
favourable station in regard to exposure, soil, and other cir- 
cumstances, may, nevertheless, by the aid of an ally, become 
the principal source whereby the winds are supplied with 
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seeds which perpetuate the species throughout the sur- 
rounding tract.^ Thus, in the New Forest in Hampshire, 
the young oaks which are not consumed by the deer, or 
uprooted by the swine, are often indebted to the holly for 
their escape. 

In the above examples we see one plant shielding another 
from the attacks of animals; but instances are, perhaps, still 
more rnimerous, where some animal defends a plant against 
the enmity of some other snbjecl of the vegetable kingdom. 
Scarcely any beast, observes Liiiiuens, will touch the nettle, 
but fifty ditferent kinds of insects an? fed by it.t Some of 
these B(dze ujion the root, others upon the stem; some eat 
the leav(*s; others devour the seeds and flowers : but for this 
multitud(* of enemies, the nettle ( fV/bvi dioicn) would anni- 
hilate a great number of ]>lants. 'J'lie same naturalist tells 
us, in his ‘Tour in Scania/ that goats were turned into an 
island wliich abounded with the Aijrostls annulutacea^ where 
they ptunshed by famine ; but horses which followed them 
grew fat on the same plant. The goat, also, he says, tlirives 
on the ineadow-HW(*et and water-hmnlock, plants which are 
injurious to catth‘ X 

Aijvnnj of ionccts , — Every plant, obseiwes Wilcke, has its 
proper insect allotted to it to curb its luxuriaiicy, and to 
prevtjiit it from niulti}>l} ing to the exchisiou of others. 
‘ Thus grass in meadows sometimes Uourishes so as to exclude 
all tdlu'r plants : here tlie PhaUf tm ifromiinii {litmilnj.r ijrnm.)^ 
witli her iminerons prog<‘ny, finds a well-spread table; they 
multiply in imimmse uunibers, and the laruier, for some 
years, laments the failure of his crop; but, the grass being 
consumed, the moths die with hung(T, or remove to another 
place. Now the quantity of grass being greatly diminished, 
the other plants, which were before choked by it, spring up, 
and the ground becomes varit^gated with a multitude of difte- 
rent species of flowers. Had not Nature given a commission 
to this minister for that purpose tlie grass would destroy a 
great number of species of vegetables, of w’hich the equili- 
brium is now kept up.’§ 

* AmasD. Acjid. vol. vi. p. 17, § 12. I Ihid. rol. rii. p. 409. 

t Ibid. § Ibid. vol. p. 17. § 11, 12. 
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In the above passage allusion is made to the ravages com- 
mitted in 1740, and the two following years, in many pnwinces 
of Sweden, by a most destructive insect. The same moth is 
said never to toucli tlie foxtail grass, so that it may lx* classed 
as a most active ally and benefactor of that sjK^cies, and as 
peculiarly instrumental in preserving it in its present abun- 
dance.* A discovery of Rtdamler, cited in tin* treatise of 
Wilcke above mentioned, afl‘ords a good illustration of tin* 
checks and counterx'hecks which Natun* has ap}>oint(*d to 
preserve the balance of power among species. ‘Tie* Plmlatm 
has the fir-cone assigm*d to it to deposit its t*ggs 
upon; the voting caterpillars (*omingout <«f the sliell (*<»nsinn<* 
the cone and snperllnous seed; but. li*st tlif tlcsfruclion should 
be too g(*nt*ral, the Irluh n. nutn ai roJnh Ihr lays its <‘Lrgs in the 
caterpillar, inserting its long tail in tie* (»jM*nings of tin* cone 
till it toiiclu‘s tin* included inst^cl, for its body is too large to 
enter. Thus it fixes its minutt* t‘gg upon tin* <‘atorj>illar, 
which bidiig hatched, destroys it.’f 

Entomologists enunn»rate many ]>aralli*l eas<*s \vh*‘n‘ inset'ts, 
appropriat(‘d to<*(‘rtain ))lants, ar* k(*j)t down by othrr ins(M*ts, 
and tliest* again by ]>arasites rxpiosslv a]>point<‘d t<) prey on 
thein.J Few, }H*rhaps, are in tin* liabit of duly appn'<‘iat,ing 
tin? extent to which insrets an* activt* in |)rt‘srrving the 
balance of species among j»lants, ami thus regulating in- 
directly the relative uunjh»‘rs of many of tlie liigln*r ordcTs 
of terrestrial animals. Tin* peculiarity of tlnur agency con- 
sists in their power of suddenly mult i|dying tlicir nuiulx^rs t<» 
a degree which could only be a(*complisln*d in a. consideral>le 
lapse of time in any of tin* larger animals, and then as 
instantaneously relapsing, without tin* int4*rvt*nt ion of any 
violent disturbing cause, into their former insignifi<‘ance. 

If, fertile sake of employing, on different hut rare o<*(*uHionH, 
a power of many hundr(*d horses, we wen* under thf* n(*<*esHity 
of feeding all these animals at great cost in tin* intervals 
when their services were not required, we should greatly 
admire the invention of a machine, such as the steam-engine, 
which was capable at any moment of exerting the same 

♦ Kirby and SfXiaco, voL i. p. 178. t Kirby and vol. iv. p. 218. 

t Amcen. Aaid. vol. vi. p. 20, § 14. 
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degree of strength without any consumption of food during 
periods of inaction. The same kind of admiration is strongly 
excited when we contemplate the powers of insect life, in the 
creation of which the Author of Nature has been so prodigal. 
A scanty number of minute individuals, to be detected only 
by careful research, are ready in a few days, weeks, or 
months, to give birth to myriads, which may repress any 
degree of monopoly in another species, or remove nuisances, 
Huch as dead carcasses, which might taint the air. But no 
sooner has tlie destroying Ciunmission IxMm executtHl than 
the gigantic power becomes dormant — each of the mighty 
host soon reaches <h(» term of its transient existence, and 
the season arrivt^s when the whole species passes naturally 
into the egg, and tlnnice into the larva and puj>a state. In 
this defenceless condition it may be destroyed either by the 
elements, or by tin* augmentation of some of its numerous 
foes which may prey upon it in the early stages of its trans- 
i'oruuition ; or it often happens that in the following year 
the season proves unfavourable to the hatching of the eggs 
or the development of the pupie. 

Thus the swarming inyi iads depart wdiieh may have covered 
the vegetation like the aphides, or darkened the air like 
locusts. In almost every season there are some species which 
in this manner put forth their strength, and then, like 
Milton’s 8i)irit8, which thronged the spacious hall, ^reduce 
to smallest forms their shapes immense ’ — 

— So thick tlic acrv 

SwarniM and wjto Mniitru'd . till, th** signal gjven, 

Bcliohl a wonder! they hut now who seemed 
In bigness to surpass earth's giant sons, 

Now leeis than sinallest dwarls. 


A few examples will illustrate tlie mode in which this 
force operates. It is Avell known that, among the countless 
species of the insect creation, some feed on animal, others on 
vegetable matter ; and, upon considering a catalogue of 
8,000 British Insects and Araehnidm, Mr. Kirby found 
that these two divisions were nearly a counterpoise to each 
other, the carnivorous being somewhat preponderant. There 
are also distinct species, some which consume living, others 
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dead or putrid animal and vegetable substances. One fe- 
male, of Mtisca famana, will give birth to 20,000 young ; 
and the lame of many flesh-flies devour so much f(X)d in 
twenty-four hours, and grow so quickly, as to increase their 
weight two hundred-fold ! In five days afU'r being hatched 
they arrive at their full growth and sixe, so that there was 
ground, says Kirby, for the assertion of Linnmiis, that tlmH> 
flies of M. vomitorin could devour a dead horse as quickly as 
a lion ;* and another Swedish naturalist remarks, that so 
great are the powers of pn>pagati<)U of a single species evt»n 
of the smallest insects, that each can commit, when re<j[uired, 
more ravages than the elephant-f 

Next to locusts, the aphides, perhai>8, exert the greatest 
power over the vegetable world, and, like them, are sometimes 
so numerous as to darken tin* air. The multi[>lit*ation of these 
little creatures is without paralhd, and almost every ]>lant has 
its peculiar species. Reaumur has provi‘<l that in iiv<‘ gene- 
rations one aphis may be the progenitor of o,lK)l,ll(Kh000 
descendants ; and it is supposed that in om* year tln^re may 
be twenty generations. J Mr. Curtis observt*K that, as among 
eateiq)il!ar8 wo find some that are constantly and unalterably 
attached to one or more particular spc'cies of j^lants, and 
others that feed indiscriminately on most sorts of herbage, so 
it is precisely with the aphides : some are particular, others 
more general feeders ; and as they resembU* other insects in 
this respect, so they do also in binng more abundant in some 
years than in others. § In 179d they were the chief, and in 
1798 the sole, cause of the failure of tlie hops, fn 1794, a 
season almost unparalleled for drought, the hop w^as perfectly 
free from them ; while peas and beans, especially the former, 
suffered very much from their depn^dations. 

The ravages of the caterpillars of some of our smaller moths 
afford a good illustration of the tenq>orary inen^ase of a 
species. 'Flie oak trees of a considerable wood have been 
stripped of tbeir leaves as bare as in winter, by the caterpillars 
of a small green moth (Tortrix viridana) , which has l:M‘en ol)- 
served the year following not to abound. The silver Y moth 

* Kirby and Spence, vol. i. p. 250. J Kirby and Spence, roL i p 174. 

t Wilcke, AmoBU. Acad. c. ii. { Tr^ns, Liun. »Soc. vol. vi. 
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gamma) ^ although one of our common species, is not 
dreaded by us for its devastations ; but legions of their cater- 
pillars have at times creat^id alarm in France, as in 1735. 
Reaumur observes that the female moth lays about 400 eggs ; 
so that if twenty caterpillars were distributed in a garden, and 
all lived through the winter and became moths in the 
8ucce(‘ding May, tln^ eggs laid by these, if half of them were 
female and all fertih*, would in the next generation produce 
800,000 cati^rpillars.* A modern writer, therefore, justly 
observes that, did not Providmice put causes in oj^eration to 
keep tlieni in du<t bourids, the cat<‘rpillars of this moth alone, 
leaving out (if coiisid(‘ration tln^ 2,000 other British species, 
might soon d(*Htroy more than half of our vegetation. 

In the latter j>art of th<‘ last (amtury an ant most destruc- 
tive to 1 ]k‘ sugar-can(‘ {Form ten udix/ta rivfpra)^ a})j>ean*d in 
such infinite hosts in the island of firenada, us to put a stop 
to tlie cultivation of that vegetable. Their numbers were 
incredible. The [>laiitations and roads wt‘re filled with them ; 
many domestic (puulrupeds, together with rats, mice, and 
reptiles, and even birds, perished in eonsequenee of this 
plagm^. It was ii(>t till 1780 that they were at length an- 
nihilated by torrents of rain, which accumpanit^d a dreadful 
luirricam\t 

Drnfsfal ions raosrd by locusts, — W(' may conclude by 
mentioning some inst aue(*s of the devastations of locusts in 
various countries. Among otluT ])arts of Africa, Cyrenaiea 
has been at diflerent periods infested by myriads of these 
creatures, which liave consunu‘d nearly every green thing. 
The etlbct of the liavoe conunitt(*d by tliein may be estimated 
by the famine they occasioned. St. Augustine mentions a 
plague of this kind in Africa which destroyed no less than 
800,000 men in the kingdom of Massinissa alone, and many 
more upon the territories bordering upon the sea. It is also 
related, that in the year 501, an infinite army of locusts mi- 
grated from Africa into Italy ; and, after grievously ravaging 
the country, were cast into the sea, when there arose a pesti- 
lence from their stench which carried off nearly a million of 
men and beasts. 

* R<^umur, vol. ii, p. 337. 

t Kirby and Spence, vol. i. p. 183. Castle, Phil. Trans, xxx. 346. 
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In the Yenetian territory, also, in 1478, more than J10,000 
j>er8ons are said to have jK^rislied in ii famine oceasioiied by 
this scourge ; and other instances are recorded of their 
devastations in France, Spain, Italy, (Jermany, Ac. In 
difltTeut parts of Russia also, Hungiiry, and Poland, in 
Anibia and India, and other countries, tlnnr visitations liave 
been periodically c*xperieneed. Although th(*y have a pre- 
ference* for certain plants, yet, wlien tluvse are consumed, they 
will attack almost all the r<*inaimU‘r. lu the ac<‘ouuts oi 
the invasions of locusts, tht* statcinmts whicli app<‘ar most 
marvellous ndatc* tc) the pnalit^ions mass of matter wliicli 
encumbers tin* sea wli<*n‘VtT they are blown into it, ami tin* 
pestilence arising from its putrcla(‘1 ion. Tlnur dca<l bodies 
arc* said to have been, in st>!m' plac»‘s, hca|MHl om* uj»un 
another, to tin* depth of four fert, in Russia, Poland, and 
Lithuania; and when, in Southern Aftm*a, they wen* driven 
into the S(‘a, hv a north-west wind, tiny farmed, says Barrow, 
along the shon*, for fifty miles, a hank threi* or four feet 
high.* But when wt* c<»n^idc*r that forests are .stripped of 
llieir foliage, and tlit‘ earth of its green garment , for t housands 
of scpiare miles, it may w’(*ll l)e supp<»S(*d tliat the voliuiu* of 
animal matter ])rodueed may (*(|ual that of gr(*at herds of 
C|uadnip(*ds and llighls of large birds sudd(*Hly i^n'cipilated 
into the Si^a. 

The occurrein‘(* of sucli (‘V( nts at certain int(‘rvulH, in hot 
countries, like the severe wintc‘rs and damp summers rettjrn- 
ing after a series of years in tin* temi)(‘ratt* zone, may affect 
the proportional numbtu's of almost all classes ofanimals tind 
plants, and probably prove fatal to the exislenc*!* of many 
wliich would otlierwise tlirive there; while, on the contrary, 
tlie same occurrences can scarcely fail to be favourable to 
certain species which, if deprivc*d of such aid, might not 
maintain their ground. 

Although it may usually ho remarked that the extraordinary 
increase of some one species is immediately h»JIow*ed and 
checked by the multijdicatic»n of another, yet this d^>e8 not 
always happen; partly because many species f(*cd in common 
on the same kinds of food, and partly Ixjcaiise many kinds of 

♦ Travels in Africa, p. 257- Kirby and Spence, vol. i. p. 216. 
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food are often congumed indifferently by one and the same 
species. In the former case, where a variety of different 
animals have precisely the same taste, as, for example, when 
many insectivorous birds and reptiles devour alike some 
particular fly or beetle, the unusual numbers of these insects 
may cause only a slight and almost imperceptible augmen- 
tation of each of these species of bird and reptile. In the 
other instance, wli<*re one animal {>reys on others of almost 
every class, as, for example, where some of our English hawks 
or buzzards {Jiute(f) devour not only small quadrupeds, as 
rabbits and field-mice, but also birds, frogs, lizards, and 
insects, the pr(»fuKion of any one of these last may eanse all 
such gen(‘ral fee<lers to subsist more exclusiv(‘ly upon the 
species thus in exet^ss, by which means the balance may be 
restoHMl. 

Aijeunj (*f omyilvorouH (mhfuth , — The number of species 
whicli are nearly omnivorous is considerable ; and although 
every animal lias, perhaps, a pnalilection for some one de- 
scription of food rather than another, yet some are iK»t even 
confined to one of th(‘ gnait kingdoms of the organic world. 
Thus, when the racoon of the West Indies can procure 
iK'itlu'r fowls, fish, snails, nor insects, it will attack the sugar 
canes, and dt'voiir various kinds of grain. The civets, w'hen 
animal food is scarce, maintain themselves on fruits and roots. 
Numerous birds, which fetal iridiscriiuiiiately on inst^cts and 
plants, are jierhaps more instrumiuital than any other of the 
terrestrial tribes in prt*servingacoiistaiitequilibrinm between 
the relative numbers of different classes of animals and vege- 
tables. If the insects become very numerous and devour the 
plants, these birds will immediately derive a larger portion of 
their subsistence from insects, just as the Arabians, Syrians, 
and Hottentots feed on locusts, when the locusts devour their 
crops. 

Beciprocal influence of iKjuatic atui terrestrial species , — The 
intimate relation of the inhabitants of the Avater to those of 
the land, and the influence exerted by each on the relative 
number of species, must not be overlooked amongst the com- 
plicated causes which determine the existence of animals and 
plants in certain regions. A large portion of the amphibious 
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quadrupeds and reptiles prey partly on aquatic plants and 
animals, and in part on terrestrial ; and a deficiency of one kind 
of prey causes tliem to have immediate recourse to the other. 
The voracity of certain insects, as the dragon-fly, for exiunple, 
is confined to the water during one stage of iheir transfor- 
mations, and in their perfect state to the air. Innumenible 
water-birds, both of rivers and seas, derive in like manner 
their food indifferently from <nther element ; so that the abun- 
dance or scarcity of j)rey in one induces them tut her to forsakt^ 
or more constantly to haunt tlu* oilier. Tims an intimate 
connection between the state of the an i matt* creation in a lakt* 
or river, and in the adjoining dry land, is maintained; or 
between a continent, with its lakes and rivers, and flie 
ocean. It is well known that many birds migrate, during 
stormy seasons, from tlie sea-shore info the interior, in search 
of food; while others, on the <‘ontrary, nrged by likt» wants, 
forsake their inland haunts, and livt* on substanet‘s rejected 
by the tide. 

The migration of tisli into riv<‘rs during the spawning sea- 
son supplies anotlier link of the sanu* kind. Supjxme tlie 
salmon to be reduced in numbers by soim* marim* foes, as by 
seals and gramjmscs, tie* <*onse(|ucncc must often Isu that in 
the course* of a few years the otters at the distance of several 
hundred miles inland, will be lesst‘ned in number from the 
scarcity of fish. On the other hand, if tlien* be a dearth of 
food for the young fry of tlie salmon in rivers and estuaries, 
so that few return to the sea, the sand-eels and oth<‘r marine 
species, which are usually kept down by the salmon, will 
swarm in greater profusion. 

It is unnecessary to accumulate more illustrations in order 
to prove that the stations of different plants and animals 
depend on a great complication of circumstances, — on an 
immense variety of relations in the state of tlie animate and 
inanimate worlds. Every plant requires a certain climaU*, 
soil, and other conditions, and often the aid of many animals, 
in order to maintain its ground. Many animals feed on 
certain plants, being often restricted to a small number, and 
sometimes to one only; other members of the animal kingdom 
feed on plant-eating species, and thus become dependent on 
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the conditions of the not only of their prey, but of 

the phintH conBumed by them. 

Hoiv chnvgrm in yhymcnl geography afferf the dietrihntion of 
epecien. — TIiuh by means of nuinerous checks and counter- 
checks the state of the animal and ve<:r^,*table kinj^doms con- 
tinues from cH,mtury to century, and even perliaps for tens of 
thousands of years, the same, except where man interferes ; 
but independently of human int(*rvention, neitlier the zoolo- 
f^ical nor botanical provinces can remain for indefinite periods 
unaltered. 

Nature is continually cn^m^ed in the task of sowing seeds 
and colonisinj^^ animals; were this not the ease tlie depopu- 
lation of a (certain j)f>rtiojj of ilic habitable sea and land 
would, ev(m in a few y(‘ars, lx* eonsiderabh^, so e^reat is the 
instability of the (*arth’s surfa<*e. Wlienever a rivt‘r trans- 
])orts sedinnuit inb) a lake or sea, so as rnateriallv to diminish 
its depth, the iujuatic animals and plaiits whi(‘h deli<:,dit in 
d(‘ep water an* (‘X[)elled : tin* tract, however, is not allowed 
to remain us(‘less ; but is soon peophal by sj)ecies which 
re(|uir(* mere lii^hi and h(*at, and thriv(‘ wlien* the water is 
shallow. Kv(‘ry addition made to tin* land by the (Uicroach- 
nu'nt of th(‘ delta, of a rivt*r hanislies niaaiy acpiatic spt'cies 
from their native abodes; but tin* ]UMv-form(‘d plain is not 
jH*nnitt<‘d to lie unoccupied, bein;jf insttintlv covered with 
ti‘rrestrial ve;^^(‘tat ion. Tlie o(‘(‘an <h‘v<)urs continuous ]in(\s 
of sea-coasts, and pr«*eipitati\s forests or rich ]>astnre land 
into th<‘ waves; but this space is not lost to the animate 
creation; for shells and s(*a-wei‘ds soon adhere to the new- 
made cliffs, a!ul luiim'rous fish ]>cople the chaniud which the 
current has scooped out for itself. No sooner has a volcanic 
island been thrown up than sonu* lichens he^in to ^row upon 
it, and it is sometimes clothed with verdure wliile smoke and 
ashes are still occasionally thrown from the crater. The 
cocoa, pandanus, and mangrove take root upon the coral reef 
before it has fairly risen above the waves. The burning stream 
of lava that descends from Etna rolls through the stately 
forest, and converts to ashes every tree and herb which 
stands in its wmy; but the black strip of land thus deso- 
lated is covered again, in the course of time, with oaks, 
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pines, and chestnuts, as luxuriant as those which the fiery 
torrent swept away. 

Every flood and landslip, every wave which a hurricane or 
earthquake throws upon the shore, every stream of lava or 
shower of volcanic dust and Orshes which buries a country far 
and wide to the depth of many feet, every advance of the 
sand-flood, every conversion of salt water into fresh, when 
rivers alter their main (‘hannel of discharge, every jH'rmanent 
variation in the rise or fall of tides in an estuary — these and 
countless other causes disphu*e, in the course of a few 
centuries, certain plants and animals from stations which 
they previously occupit‘d. If, tlien*fore, the Author of Nature 
had notbetui prodigal of tliose numerous contrivance's, before 
alluded to, for 8pr<*aJin^ all classes of orj^anic be'intrs over 
the earth — if He had not ordained thal the (lu<*tuaiions of 
the animate and inanimate creation should he» in perfect har- 
mony with each otht'r, it is evident that considerable spaces, 
now the most habitahh'on the' ^h)be, would soon be' as devoid 
of life as are the Alpine snows, or the' moving sands and salt 
plains of the Sahara. 

The powers, them, of mipfration and diffusion, conferre'd, as 
almidy shown, on animals and jdanls, are indispe'nsable to 
enable them to maintain their ^re)und, and would be neea'ssary, 
even though it were nevtT intende'd that a species should 
gradually extend its ge'ographical range. But a facility ot‘ 
shifting their quarters being once given, it cannot fail to 
happen that the inhabitants of <mee province should e)(H*aHi()n- 
ally penetrate into some other; since the stronge'st of those 
bamers which I before described its separating distinct regions 
are all liable to be thrown down, one afte'r the other, during 
the vicissitudes of the earth’s surface. 

We have seen in the Twelfth Chapter* how vast a suc- 
cession of changes in the physical ^^‘ography of the globe has 
been revealed to us by geology. Although these clianges are 
incessant, they proceed at so slow a rate that mankind at large 
are wholly unconscious of their reality. It would not be easy 
for the naturalist to take account of the advantage which one 
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species may gain over another in the course of a few centuries, 
even at those points on the borders of two distinct provinces 
where the struggle for existence is most keen. At such 
points the rate of change must far outstrip the average 
pace at which it proceeds in the organic world generally. 
If the ocean should gnulually wear its way through an 
isthmus, like that of Suez, it would open a passage for the 
intermixture of the aquatic* trilx^s of two seas (the Mediter- 
ranean and Kc/d Sea) pr(*viouHly disjoincnl, and would, at the 
same time, close a free communication which the terrestrial 
plants and animals of two continents had before enjoyed. 
These would be, p<irhaps, the most important consequences, in 
regard to the distribution of species, wlii(!h would result from 
the breach made by the sea in such a spot ; but there would 
be others of a distinct nature, such as the conversion of a 
certain tract of land, which formed the isthmus, into the sea. 
This space, previously occupied by terrestrial plants and 
animals, would be immediately delivered over to the aquatic ; 
a local revolution wdiich might have happened in innumer- 
able oilu^r parts of tlu* globe, without being attended by any 
alteration in the blending together of the species of two dis- 
tinct provinces. 

So if the narrow isthmus of Panama were to sink down 
gradually, a communication would at length be established 
between two stnis wdiich are now inhabited by fish, inollusks, 
crustaceans, and otht‘r aquatic tribes nearly all of them speci- 
fically distinct. A contest would take ]>lace between tlioiisands 
of allied species w hich in the course of time would give rise to 
the predominance of some and the decline or total extinction 
of others. If Spain were joined to Morocco, by the upheaval 
and lajdng dry of ilie submarine ridge 1,000 feet deep, before 
described,* the Meditt'rranean fauna would be separated 
from that of the Atlantic, and there would be a fusion of the 
terrestrial plants of Northern Africa with those of Southern 
Europe. Or we may imagine a land communication to be 
caused by volcanic outbursts in tlie straits of Lombok, f 
uniting the islands of Bali and Lombok. This would bring 


• See above, V ol, L p. *41)6. 


t St e Map, tig. 138, p. 350. 
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about a conflict between the land-birds, insects, and plants 
of the Indian and Australian prt>vinces, wliich could Ui>t 
fail to add to the numerical predominance of some 8j>ecie« 
at the ex|)en8e of others, while some mi^ht be extenninaUHl, 
But even such fluctuations would to a human i»bservtT apjx^ar 
slow ill the extreme, lH‘cause a communication formed hv a 
new volcanic island will not simply take thousands of yi^urs, 
but perhaps thousands of Ciuiturit's, for its aecomjdishimuit, 
and few of the sptsues capable of profiting by tlu‘ removal of 
the old barrier would wait till tin* two islands were complett'ly 
joined. 

Extension of the ratuje of ottr Hpvclts olttra that of other in. — In 
reference to the extinction of spccit‘s it is imjmrtant to bt»ar 
in mind, that when any n^^ion is stocked wnth as ^reat a 
variety of animals and plants as its product iv(» pow<*rs will 
enable it to suj>p(n‘t, the addition of any new species to tin* 
permanent numerical incnsist* of om* previously (established, 
mn.st always b(‘ attiMided (‘itluu’ hy tin* local t‘xt(*rminat ion or 
the numerical d(‘or(*as»* of sonn* other sjM*ci(‘s. 

Then* may undoubtedly ho (*onsid(*rabh* lluctuations from 
year to year, and tin* (*(piilihrinm may Is* a^ain restor(‘d witli- 
out any permain*nt a U(* rat ion ; for, in })aTticnlar H(*aHons, a 
greater supjdy of heat, humidity, or otln‘r tta\i8(*8, may aug- 
ment the total (plant ity of V(*getable produce, in which cas(^ 
all the animals subsisting on vegetable food, and others whi(.di 
prey on them, may multiply without any oin* species giving 
way : but whilst the aggregate (plant ity of vegetabh^ producci 
remains unaltered, the jirogressive increase of one animal or 
plant implies the decline of another. 

All agriculturists and gardeners are familiar with the fact 
that when weeds intrude themselves into tin* Hpac(? ajipro- 
priated to cultivated species, the latU^r an* starved in their 
grow^th or stifled. If we abandon for a short time a field or 
garden, a host of indigenous jdaiits, 

The darnel, hemlock, and rank fumitory, 

pour in and obtain the mastery, extirpating the exotics, or 
putting an end to the monopoly of some native plants. 

If we enclose a park, and stock it with as many deer as the 
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herbage will supjKirt, we cannot add sheep without lessening 
the numbf^r of the deer ; nor can other herbivorous species 
be subsequently introduced, unless the individuals of each 
species in the park become fewer in proportion. 

So, if there l>e an island where leopards are the only beasts 
of prey, and the* lion, tiger, and hyama afterguards enter, the 
leopards, if they Ktaiul their ground, will lx? reduced in niim- 
bc,‘r. If the locusts tlu*n arrive and swarm greatly, they may 
deprives a large number of plant-eating animals of their f(X)d, 
and thereby causes a famine, not oidy among them, but among 
the beasts of prey: certain sjxMues, perhaps, which had the 
w(*akest footing in the island may thus lx* annihilaU^d. 
Although our knowhMlge of tln^ history of the animate cnaition 
dat(‘s from so recent a period, that we can s(*arcely trace the 
advance or de(*line (►f any animal or plant, (‘xcept in those 
cases wlier(‘ th(‘ influema* of man has intervem*d ; yet we can 
easily coiuauve what must happen when some new colony of 
wild animals or plants enters a region for tin* first time, and 
succeeds in establishing itself. 

rffrefs of iho first rnirnner of the jn)h(r hrar into 
Ireland, — L(‘t ns consider how grt^at are the devastations 
eoinmitted at certain p(‘riods by the (ireeiilaud bears, when 
lliey are drifted to the shores of Iceland in consid(Table num- 
bers on the ic(\ These periodical invasions are formidable 
even to man ; so that when tlu^ Wnirs arrive, the inliahitants 
collect together, and go in pursuit of them with fire-arms — 
each native who slays one being rewardt^d by the king of 
Denmark. The Danes of old, when they landed in their 
marauding ex})editions upon our eoast, hardly excited more 
alarm, nor did our islanders muster inon' promptly for the 
defence of their lives and propeidy against the common enemy, 
than the modern Icelanders against these formidable brutes. 
It often happens, says Hendei'son, that the natives are pur- 
sued by the bear when he has been long at sea, and when 
his natural ferocity has been heightened by the keenness of 
hunger ; if unanned, it is frequently by stratagem only that 
they make their escape.* 


* Journal of a Residence in Iceland, p. 27. 
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Let m ca«t our thouglite back to the period when the first 
polar bears reached Iceland, before it was colonised by the 
Norwegians in 874; we may imagine the breaking up of an 
immense bamer of ice like that which, in 1816 and the 
following year, disap{x?areJ from the east coast of Cireenland, 
which it had surrounded for four centuries. By the aid of 
such means of tninsj>ortation a great numl>t*r of tliese quadru- 
peds might eflect a landing at the same time, and the havoc 
which they would niaki* among the species j)revlously s<dtle<l 
in the island would Ih' ttTritic. Tin* deer, foxes, seals, and 
even birds, on which these animals sonietinu‘s prey, would be 
soon thinned down. 

But this would bi^ a part only, and probably an insignili- 
cant i>ortion, of the aggregatt‘ ani<aint of change brotight 
about by tli<‘ new invadiT. The plants on whi(di thed(‘(*r fed, 
being less consumed in consetpieiuM* of the lessened nnml)ei*s 
of that herbivorous specie's, wenihl soon supply more food t4) 
several insects, aial probably to hoiim* t(‘rn‘strial tt‘sta(*ea, so 
that the latter would gain grouiitl. The increases of these 
would furnish <»thcr insceds ami birds with foenl, so that the 
numWrs of these last woulel be* aiignie‘nte*d. The* diminution 
of the seals wemtd aifeerd a r<*s{»ite‘ to some hsh which they 
had persecuted ; ami these* fish, in tlu'ir turn, would then 
multiply and press upon their peculiar prey. Many water- 
fowls, the eggs and young of wliieh aix* devoured by foxe's, 
would increase when the fe»X(‘s we*re thinned down by 
the bears; and the fish on which the water-fowls suhsisted 
would then, in their turn, be less numerous. Thus the 
luunerieal proportions of a great number of f lu* inhal)itimts, 
lx>th of the laud and sea, might be |)erinaneiitly altere<l 
by the settling of one ne\v species in tlu*, region ; and tlie 
changes caused indirectly would ramify through all classes 
of the living creation, and be almost endless. 

An actual illustration of what we liave here only proposed 
hypothetically, is in some degree afford(,*(l by the s<dection of 
small islands by the eider duck for its residence durirtg the 
season of incubation, its nests being sehloni if ever found on 
the shores of the mainland, or even of a larger island. The 
Icelanders are so well aware of this, that they liave expended 
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a great deal of lalxmr in forming artificial islands, bj 
8<3parating from the mainland certain promontories, joined 
to it by narrow isthmuses. This insular position is necessarj' 
to guard against the destruction of the eggs and young birds, 
by foxes, dogs, and other animals. One year, says SirW. 
Hooker, it happened that, in tlu* small island of Vidoe, ad- 
joining the coast of Iceland, a fox got over the iVc, and 

caused great alarm, as an imm^uise innnber of ducks were 
ih<ui sitting on their eggs or young ones. It \va^ long before 
be was takim, wdiich was at last, howov<u\ eff(‘cted by bring- 
ing another fox to the island, and fastening it by a string 
near tlie haunt of the former, by wlii(h he was allured 
within shot of tin* linntiT.* 

hirreane (nf reifulerr imjKfrtt it info Icrhtnih — As an example 
of the I'apidity with whicli a large tract may bt^come 
p(‘Oj)led by the offspring of a single pair of qnadrnpcals, it 
maybe mentioned that in tlie y(,‘ar 177d thirteen reindeer 
were exported from Norway, only three of which reached 
Iceland, Thes(‘ were turned loose into the inountainH of 
(fuldbringe Syssel, wdieri* they multi}>lied so greatly, in 
the course of forty ja^ars, that it was not uncommon to meet 
w'ith herds, consisting of from forty to one hundred, in 
vario\is districts. 

The reindtMU’, observes Ji modern writer, is in Lapland a 
loser by liis coniiecti(»n with man, but leeland will l>e this 
creature's pin'jvdis(\ TIuti* is, in the interior, a tract which 
Sir G, Mackenzie e<»m]>ul('s at not less than 40,000 square 
miles, without a singh^ human habitation, and almost en- 
tirely unknowii to the natives tliemstdves. There are no 
wadves; the Icelanders will keep out the bears ; and the rein- 
deer, being almost unmoleNtt‘d by man, will have no enemy 
whatever, unless it has brought with it its own tormenting 
gad-fly.t 

Ulloa in his voyage, and Buffoii on the authority of old 
writers, relate a fact which illustrates very clearly the prin- 
ciple before explained, of the check which the increase of one 
animal necessarily offers to that of another. The Spaniards 
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had introduced goata into the island of Juan Femande/,, 
where they became so prolific as to furuish tlie pinit<*s, who 
infested those seas, with prorisions. In order to cut oft' this 
resource from the buccaneers, a numl>er of dogs were turneil 
loose into the island ; and so numerous did they become 
in their turn, that they destroyed the goats in every acees- 
sible part, after whicli the number of the wild dogs again 
decretised.^ 

It is usually the fii'st appearance of an animal or plant, in 
a region to which it was previously a stranger, that gives rise 
to the chief altenition ; sincts after a tinn‘, an ecpiilibrium is 
again established. But it must require ages before such a 
new adjustment of the relative forces of so many conflicting 
agents can be definiti*Iy settled. Tin* causes in simultaiuHius 
action are so numerous, that they admit of an almost infinite 
number of combinations; and it is in^eessary that all tlnw 
should have occurred once Ixdon* tlie total amount of (*liangt\ 
capable of flowing fr<»m any ne\v disturbing force, can be 
estimateih 

Thus, for example, su{)pose that onct* in two centurit»s a 
frost of unusual intensity, or a volcanic eruption of great 
violence ac‘companied by floods from the melting of gUwners, 
should occur in Iceland ; or an e[)idemic disease, fatal to the 
larger nuinlx^r of individuals of some one specii^s, and not 
afiecting others,— the8(% and a variety of other contingencies, 
all of which may occur at once, or at periods separated by 
difiFerent intervals of time, ought to happen before it would 
be possible for us to declare what ultimat^^ alt(*ration the 
presence of any new comers, such as the bear or reindeer 
before mentioned, might occasion in the animal population 
of the isle. 

Every new condition in the state of the organic or in- 
organic creation, a new animal or plant, an additional snow- 
clad mountain, any permanent change, liowever slight in 
comparison to the whole, gives rise to a new ord(*r of things, 
and may make a material change in regard to some one or 
more species. Yet a swarm of locusts, or a frost of extreme 
intensity, or an epidemic disease, may pass away without any 

♦ Buffon, vol. V, p. 100. Ullcja’s Voyag<% rol. ii. p. 220. 
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great apparent derangement; no species may be lost, and 
^1 may soon recover their former relative numbers, because 
the same scourges may have visited the region again and 
again, at preceding periods. Every plant that was in- 
capable of resisting such a degree of cold, every animal 
which was exi>OBed to l>e entirely cut off by an epidemic or 
by famine caused by the consumption of vegetation by the 
locusts, may have perished already, so that the subsequent 
recurrence of siinilur cutaatropheH is attended only by a tem- 
porary change. 

Exiirjxiliim of n hy mnn, — That man is, geologically 
speaking, of very moth'rn origin we may assume, altliougb 
we luive recently obtained satisfact-ory ijroofs tliat he was 
conhunporary wiili the iiiainmoth and many other extinct 
iminimalia, and that he has survived considerable changes in 
the phy8i(?al geography of tlu* globi*. 

The mimber of human beings now peopling the earth is 
generally supposed to amount to eight hundred millions, so 
that w(i may easily undi*rstand how great a number of beasts 
of prey, birds, and animalH of every class, this prodigious 
population must liave disjdaced, independently of the still 
more ini]»ortant eonseqm‘nct\s whicli hav(‘ followed from the 
derangcMinuil bronglit abo\it by man in the relative numerical 
strength of particular species. 

It may pt'rhai^s be said, that mail has, in no small degree, 
comjiensated for the appropriation to himself of the food of 
many aniinalH by arliliciully improving the natural produc- 
tiveness of soils, by irrigation, manure, and a judicious in- 
termixture of mineral ingri'dients conveyed from different 
localities. But it admits of reasonable doubt whether, upon 
the whole, we fertilise or impoverisli the lands which we 
occupy. This assertion may seem startling to many; because 
they are so much in the habit of regarding the sterility or 
productiveness of laud in relation to the wants of man, and 
not as regards the organic world generally. It is difficult, at 
first, to conceive, if a morass be converted into arable land, 
and made to yield a crop of grain, even of moderate abun- 
dance, that we have not improved the capabilities of the 
habitable surface — that we have not empowered it to support 
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a larger quantity of organic life. In such eases, however, a 
tract, before of no utility to man, may be^ reelaitniHl, and 
become of high agricultural importance, though it may, 
neveii:hele8S, yield a scantier vegetation. If a lake drained, 
and turned into a meadow, tlu^ sjaice will provide sustenance 
for man, luul many terrestrial animals serviceable to him, 
but not, perliaps, so much focnl as it previously yielded t4.> the 
aquatic races. 

The felling of dense and l(‘fty forests, which ci>vered, t*\cn 
within the records of history, a considei*uhle space on the 
globe, now" tenanted by civilised man, must gem‘rally have 
lessened the amount of vegetable food throughout tlie space 
where these woods grew. We must also take into our 
account the area covered by towns, and a still lurg(‘r surface 
occupied by roads. 

If we force the scul to bear extraordinary crops <*ne year, 
w^e are, jH*rhaps, coiiij>elled to let it lie fallow tlie nrxt. Hut 
nothing so much C(»unterhalanci‘s tin* fertilising cOccts of 
human art as the (‘xtensivr cidtivation of fon*ign herbs and 
shrubs, wliich, altliough tln*y arc often nu»rc nutritious to 
man, seldom thrive with the sane* rank luxuriam‘e as the 
native plants of a district. JIan is, in truth, continually 
striving to diminish the natural diversity of tin* stdllnnH of 
animals and plants in I'very country, and to reduce* them all 
to a small iiumbe‘r fitted for HjK!cies of i*conoTnieal use. He 
may succeed perfectly in attaining liis object, (wen though 
the vegetation be comparatively meagre, and the total 
amount of animal life be greatly ivssem^d. 

When 8t. Helena W"as disccnen^d about tin* y**ar loOfJ, 
it w’as entirely covered with forests, the trees droo]»ing ov(t 
the tremendous precipices that overhang the s«*a. Now, says 
Dr. Hooker, all is changed; fully fiv(*~sixthH of tin* island 
are entirely barren, and by far the gr(*ater {)art of the 
vegetation which exists, whether ln*rhs, shrubs, or trees, 
consists of introduced Eurupe*an, American, African, and 
Australian plants, which proj)agat(id themselves with such 
rapidity that the native plants could not compete with them. 
These exotic species, together with the goats, which being 
carried to the island destroyed the forests by devouring all 
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the young plants, are supposed to have utterly annihilated 
about 100 j)ectiliar and indigenous species, all record of 
which is lost to science, except those of wliich specimens were 
collected by the late Dr. Burcliell and are now in the herba- 
rium of Kew.* 

In tlje district of Canterbury, Nt‘w Zealand, Mr. Locke 
Travers, writing in IBOIl, says that the spread of European 
and other foreign plants is surprisingly rapid. The cow-grass 
{Poli/<j()7inm avirnUirr), the common dock, and the sow thistle 
grow luxuriantly, tlje water-<!ress increases in the still rivers 
HO as to llirealeu to clioke them up altogether, an<l to put the 
colonists to th(^ ^‘xptMise of £‘100 annually in ke(*ping op(ui 
a single stream, th(‘ Avon, whicli runs through Christchurch, 
Stfuns of this water-cress liav(‘ lx*en measured 12 feet long 
and three-quarters of ati ineli in diameter. In some mountain 
districts the white elovtT is displaeing the native grass(*s, and 
foreign trcM-s, such as poplars, and willows, and the gum-trees 
of Australia, are growing rapidly. In fact, the young native 
vegetation a[)pears io shrink from eompeiition with those 
more vigorous intruders. f 

Spix and Martins have given a lively description of the 
incHMlible number oi' inse<*ts which lay waste the crops in 
Brazil, besides swarms of monkeys, flocks of parrots, and 
oth(*r birds, us W(?ll as tin* paca, agouti, and wild swine. 
Th(‘y deseriln* the torment whi(*h the planter and the natura- 
list sufler from tin* mus(|uito(*s, and the devastation of the 
ants and blatta* ; th(‘y spi*ak of the dangers to which they were 
exposed from tlie jaguar, tin* poisonous s(*r}H*nts, crocodiles, 
scorpions, c(*utipedes, and spiders. But with the increasing 
j>opulation and cultivaticm of tin* country, say these natura- 
lists, these evils will gradually diminish ; when the inhabitants 
have cut down the woods, drained the marshes, made roads 
in all directions, and founded villages and towns, man will, 
by degrees, triumph over the rank vegetation and the noxious 
animals, and all the elements will second and amply recom- 
l>ense his activity. J 

♦ H(x>ker, Insular Floras, Brit. Absoc. f Locke Travers, cited by Hooker, 
Nottingham, 1866. Oiuxlener’s Chroni- Nat. Hist. Rev. 1864, p. 124. 
cle, 1867. X Travels in Brazil, rol. i. p. 260. 
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Indvjmom qttadmpeds and birds erfirj}aied in Great Britain, 
— Let us make some enquiries into the extent of the influence 
which the progress of society has exerted during last 
seven or eight centuries, in altering the distribution of 
indigenous British animals. Dr. Fleming, in an able memoir 
on the subject, has enumerated the bi*st authentioattHl ex- 
amples of the decrease or extirpation of certain specit*^ during 
a pt^riod wlien our population lias made the most rapid 
advances. I shall offer a brief (Uitline of liis results.^ 

The stag, as well as the fallow d(*er and the roe, were 
formerly so abundant in our island, that. acci>rding to Lesley, 
from five hundred to a thousand wen» slain at a hunting- 
match ; but the native races would already huvt» btnui 
extinguished, had they not been carefully preserved in 
certain forests. The otter, the marten, and tin' polecat were 
also ill sufficient numlnTs to bt‘ pursueil for the sake of their 
fur; but they have now Ik^oii reduced within V(*r\ narrow 
bounds. The wild eat ami fox liuve also Ikhui Ha(*riti(*i*d 
throughout the greater part of the <‘ountry, for the SiTurity 
of the poultry-yard or the fold. Badgers liav(* Uhui expelli^d 
from nearly every district, which at fonm*r pcriinis tlu*y 
iiiliabited. 

Besides these, which liave be<‘n drivini out from their 
favourite liannts, and everywhere reduced in numbm*, there 
are some wliieli have bemi wholly (‘xtirpated ; such as the 
ancient breed of indigenous horses, and the wild l>oar; of 
the wild oxen a few remains are still preserved in some of 
the old English parks. Tlie beaver, which is eag(*rly sought 
after for its fur, had become seance at the close* of the* ninth 
century; and, by the twe.*lfth century, was only to l>e mt‘t 
with, according to (liraldus de Barri, in one river in Wales, 
and another in Scotland. The wolf, oncti so mucli dr(*ad(*ei 
by our ancestors, is saiel to have maiutaiiutd its ground in 
Ireland so late as the beginning e>f the f*iglite*<*ijtli century 
(1710), though it had been extirpatefi in Scotland thirty years 
before, and in England at a much earlier pe.*rioel. The boar, 
which, in Wales, was regarded as a b<*a8t of cliase ecpial to 


* Ed. Phil. Journ., No. xxii. p. 287. Oct. 1824. 



460 


EXTIKCTIOK OF SPECIES. 


[Ch. XLH. 


the hare or the boar, only perished, as a native of Scotland, 
in the year 1057.* 

Many native birds of prey have also been the subjects of 
unreuiittinj' pernecutioii. The eagles, larger hawks, and 
ravens, hav<.» disappeared from the more cultivated districts. 
The haunts of the mallard, the snipe, the redshank, and the 
bittern, have been drained ecpially with the summer dwellings 
of the lapwing and the curlew. But these species still linger 
in some jjortion of tlie British Isl(*s; vvhen*as the larger 
capercailzies, furmrTly nativ(‘s of tlu* pine-forests of Ireland 
and Scotland, had hemi (piite destroyed towards the close 
of the last c(‘ntury, hut W4?re successfully reintrcKlueed into 
Pertlisliire about tlit‘ year 1821. The egret and the crane, 
which appear to liave been formerly very coinmou in Scot- 
land, are IHJW' only occasional visitants. t 

The bustard {(Hia /c/v/c), observes Ciraves, in his British 
Ornithology,^ ‘was formerly seen on the downs and heaths 
of various parts of our island, in flocks of forty or fifty birds ; 
whereas it is now (1821) a circumstaiua* of rare occurrence 
to metd with a single individual.’ Bewick also remarks, 

‘ that, tiny wi‘re foriiK*rly inon^ eominon in this island than 
at })n‘S(‘nt ; they are tuuv found only in the open counties of 
the south anti east — in the jUains of Wiltshire, Dorsetshire, 
and some parts of Yorkshir(‘.’§ In the few years that liave 
elapsed siiu^e Bewick wrote, this bird has entirely disappeared 
from the British Isles. Tlu'st* changes, it may be observed, 
are derived from vt*ry imperfect memorials, and relate only to 
the larg(*r and more eonspieuous animals inhabiting a small 
spot on the globe ; but tluy cannot fail to exalt our conception 
of the enormous revolutions which, in the course of thousands 
of years, the whole hiuiian species must have effected. 

Exiinciion of the dodo , — The kangaroo and the emu are 
retreating rapidly before the progress of colonisation in 
Australia; and it scarcely admits of doubt, that the general 
cultivation of that country must lead to the extirpation of both. 
The most striking example of the loss, even within the last 

♦ Fleming, Ed. Phil. Journ. No. xxii. 
p. 29:). 

t Flemings ibid., p. 292. 


t Vi>l. iii. London, 1821. 

J Lind J5irds, vol. i., p. 316, ed, 1821, 
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two conturies, of a remarkable species, is that of the doilo — 
a bird first seen by the Dutch, when they landed on the Isle 
of France, at that time uninhabited, immiHliately after the 
discovery of the passage the East Indies by the Cape of 
GixkI Hop<^ It was of a large sizt', and singtilar form ; its 
wings short, like those of an ostrich, and wholly incapable 
of sustaining its heavy body, even for a short flight. In its 
general appearance it differed fr«»in the ostrich, cassowary, or 
any known bird.* 

Many naturalists gave figures of tlie dodo after the com« 
immoeinent of the seventeenth lentnry; and tluut* is a 
painting of it in the British Mnseiun, which is said to have 
been taken from a living individual. Ihau^ath tin* j>ainting 
is a leg, in a fine state of preservation, which ornitlioIogiHls 
are agrt*ed cannot belong to any oth(*r known bird. In the 
museum at Oxford, also, there is a foot and a head in an 
imperfect state. 

In sj)ite of tin* most active seareh, dnrijig the last eenfury, 
no information res[>ecting the dodo was obtained, and sorrn* 
authors went so far as to j)ret(*nd tliat it had nevt*r (‘xisted ; 
but a great mass (*f satisfaetory eviih*nce in favour of its 
rec«mt existence has now been (adlected by Mr. Broderij>,t 
and by Mr. Strickland and Dr. Melville. Mr. Strickland, 
agreeing with Professor Reinhardt, of Co|>(*nhagen, in re- 
ferring the diwlo to tin* (^)lnmhida*, called it a ‘ vulture-like 
frugivorous pigeon.’ It appears, also, that another short- 
winged bird of the same onhu', called ‘ Tln^ Solitain*,’ 
inhabited the ishnid of Rodrigues, miles (*ast of tin* 
Mauritius, and has bo(m exti^rininated by man, as have run* 
or two different but allied birds of the Isle of Bonrlxui.J In 

♦ Somo lifivooomplain^'d that ins^*rip- rnittod to rot in the AHliTiiuh an 
tions on tomh-sn^neH convey no tr^ nt*ral w^*re eaxt away. The relie?^, wo are told, 
inforiimtion, except that individn/ilp were wen' ‘a rnumi-^j pulMlijcta, annuente vire- 
lK:»rn and died, iM'cidentH wliieh nni‘t caje-i^dlario aliixf^u^^ ( nratorihiix, ju! m 
hapj>en alike to all men. 15 ut the<h*}ith luKtninda e<;nv<K*ahH, do* .laoiiani 8 vo, 

of a fipf^ctrs in »o remarkable an event in a n. r?*)*') ' /<x*l. .lourn. No. 12 .p. 

natural history that it comme- 1828 . 

monition, and it ia with nopmall interewt f Penny Cv<'loj/»xliri, ‘ DckIo,’ 1837. 

that we learn, from the archives of the + M' s^rs. Sfrieklatfd and Melvillo on 

University of Oxford, the exact day and ‘ the Dfxio and its Kiridro<i.‘ London, 
year when the remiiinsof the lastspoei- 1848. 
men of the dodo, which had been per- 
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the year 1865 parts of the skeleton of a dodo were dug up 
in a bog near the sea in the island of Mauritius* They were 
sent to Professor Owen, and were described by him in the 
Transfictions of tMfe Zoological Society for 1867.* Speaking 
of tin* extinct bird as the great ‘ groimd-dove ’ of the 
Mauritius, he BpeculaU*8 on this peculiar species having 
originated in that uninhabited and thickly wooded island, 
when? there was no animal powerful enough to contend with 
it, and from which it would Iw? n‘(|uired to eHca})e by flight. 
He therefore coneeive^H that, ‘ finding food enough scattered 
over the ground, it ceased to exert its wings in raising tlie 
heavy trunk, and so gradually gaiiuMl bulk in the course of 
many g(merations. Ihuu'e the organs of flight ivould, ac- 
cording to Lamarckian principh's, be atri>phied l>y distnise 
and diminiHluMl in size and strength, ivliile the liind limbs, 
having an increasing weight to .sup[>ort and being exercised 
by habitual motion on tlie land, would accpiire larger di- 
mensions.’ t 

Rapid propaijaiion of domestic tptadrapiih over the Ainertran 
amihivut,- -T\w agency of man in multiplying the numbers of 
large ln*rl)ivorous quadrupeds of domesticated races may be 
reganh'd as om* of the most obvious caus(‘s of the exterrai- 
nation of Hpt‘cies. On tliis, and on several oilier grounds, the 
introduction of the liorse, ox, and other niammalia, into 
America, and their rapid pro})agatiun over that continent 
within tin* last three centuries, is a fact of great iinpoHance 
in natural history. The extraordiiuiry herds of wild cattle 
and horses which overran the jdains of 8outli America sprang 
from a very few pairs first carried over by the Spaniards ; 
and they prove that the widt? geographi(‘al range of large 
species in great continents does not necessarily imply that 
they have existed there from remote periods. 

Humboldt observes, in liis Travels, on the authority of 
Azam, that it is believed that there exist, in the Pampas of 
Buenos Ayres, twelve million cows and three million horses, 

* Since this date more remains hare tig^uros of which were published by Prof, 
been discovered from which an almost i>wen in 1871. Trans, of thoZool. Soc. 
ptU'fect skideton has been constructed at vul. vii. p. 513. 
the Prilish Muaeum, descriptions and t Zool. Soc. Trans. 1867. 
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withoat comprising in this enumeration the cattle that have 
no acknowledged proprietor. In the Lliuios of Ciiraccas, the 
rich hateros, or proprietors of pastonil farms, are entirely 
ignorant of the nninher of cattle they jKissess. Hie young 
are branded with a murk peculiar to each herd, and some of 
the most wealthy owners mark as many as 14,tK>0 a year.* 
In the northern plains, from the Orinoco to the lakt* of 
Maracaylio, M. Depons reckoned that l,2tto,0tHt oxen, 180,000 
horses, and 00,000 mules, wandered at large. t In some parts 
of the valley of the Mississippi, especially in the country of 
the Osage Indians, wild hoi-ses were immen.sely numerous in 
the early part of this century. 

The establishment of blai'k cattle in America dates Iroin 
Columbu.s's second voyage to St. Domingo. They then! mul- 
tiplied rapidly ; and that island pn'sently became a kind of 
nursery from whitdi thest^ animals weri‘ su(*ci‘ssii'ely trans- 
}>orted to various parts of the continental coast, and from 
thence into the intc-ritn". Notwithstainling the.st' numtjrous 
exportations, in twenty-si-ven years after the discovery of the 
islands, herds of t,H()(l head, as we learn from Oviedo, were 
not uncommon, and there wen> even some that amounted to 
8,000. In l-'iB?, the number of hides expor0.-d from St. 
Domingo alt!ne, aei*-!!rding ti> Aco.sta. s report, was d.>,444 ; 
and in the same year there were exported G t,:5.'>0, from the 
ports of New Spain. This was in the sixty-fifth yi'ar after 
the taking of Mexico, previous to which event the .Spaniards, 
who came into that country, had not been able Uj engage in 
anything else than war.J Everyone is aware that these ani- 
mals are now established throughout the American continent 
from Canada to the Straits of Magellan. 

The ass has thriven very generally in the New World ; and 
we learn from Ulloa, that in Quito they ran wild, and multi- 
plied in amazing numU-rs, so as to become a nuisance. They 
grazed together in herds, and when attacked defended th<!m- 
selves with their mouths. If a hearse happened to stray into 
the places where they fed, they all fell uion him, and did not 
cease biting and kicking till they left him dead.§ This fact 

* Pera, Nar. t..I. iv. § Ullt^'s Voyage. W.jo<fs Zoog. 

+ Quarterly Review, toI. xxi. p. 335. vol. i. p. S. 

t Ibid. 
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illustrates the power of one of those barriers— namelj, that 
of preoccupancy, which we before alludetl to (p. 133) — as being 
often most effective in limiting the range of species. 

Tlie first hogs were carried to America by Columbus, and 
established in the island of St. Domingo the year following 
its discovery, in November, 1493. In succeeding years they 
were introduced into other places when* the Spaniards settled, 
and, in the H[)a<a* of lialf a century, tliey were found esta- 
blished in the Ni‘w World, from the latitude of 25^ north, to 
the 40fh degree of south latiftide. Slie(*p, also, and goats 
have multiplied enormously in the Nt*w World, as have also 
the cat and the rat, which lust, as b4‘fore stated, has Ix^en 
imported unintentionally in ships. TIu* dogs introduced by 
man which liave at different ]><*riods boconn* wild in America, 
hnntfMl in packs, lik<» fin* wolf and the jackal, dt^stroying not 
only hogs, but the calves and foals of the wild cattle and 
horses. 

B(*8i<l(‘S tin* qa{idru])eds above <*numerated, our domestic 
fowls have also thriven in the W(*st Indies and America, 
w'ln^re they Inive now the (*oinmon fowl, tlie goose, the duck, 
the p(‘aco<*k, the pigeon, and tlie guinea-fowl. As these were 
ofti*n takt*n suddenly from the temperate to very In )t regions, 
tlu*y were not rean'd at first without much difficulty; but 
after a fi*w generations they biaaime habituated to the cli- 
mate, w'hi(*h, in many cases, a]iproached much nearer than 
that of Eurn])e to the temperature of their original native 
countri(^s. The fact of so many millions of wild and tame 
individuals of our domestic species, almost all of them the 
largest quadriifieds and birds, having been propagated 
througliout the new continent within the short period that 
has elapsed since the discovery of Aiin^rica, while no appre- 
ciable improvement can have been made in the productive 
powers of tliat vast continent, affords abundant evidence of 
the extraordinary changes wdiich accompany the diffusion 
and progressive advancement of the human race over the 
globe. 

Power of erterminatiJig gpedes no prerogative of man. — When 
we reflect how many millions of square miles of the fertile 
land, occupied originally by a boundless variety of animal 
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and vegetable forms^ have been already brought under the 
dominion of man, and compelled, in a great measure, to yield 
nourishment to him, and to a limited number of plants and 
animals which he has caused to increase, we must at once be 
convinced, that the annihilation of a multitude of species has 
already been effected, and will continue to go on hereafter, in 
certain regions, in a still more nipid nitio, as the colonies of 
highly civilised nations spread tlnunselves over unoccupicHl 
lands. 

Yet, if we wield the sword of extermination as wo advance, 
we have no reason to repine at tht' liavoe (*onnnitted, nor to 
fancy, wdth the Scottish poet, that ‘ wt' violate the social 
union of nature ; ’ or complain, with the melancholy Jaques, 
that we 

Art' mere UJ<ur|>eiN, tyrantu, hthI wliMtV 
To the jtiunuiU an<l to kjll them up 

Iti tlieir asbignM aijvl native d w» !lni^'-phioe 

We have only to refletd, that in tlius obtaining posst^ssion 
of the earth by conquest, and deftmding our aequisitions by 
force, we exercise no (‘xclusive pnu'ogative. Ev(»ry sj)ecie8 
which has 8pr(‘ad itstdf from a small [K»iut over a witle ar<*a 
must, in like manner, liave markoMl its progress by tin* diini- 
nation or the entire extirpation of sonn* other, and must 
maintain its ground by a successful struggle against tin* 
encroachments of other plants and animals. That minute 
parasitic jdant, called ‘ tin* rust ’ in wheat, has, likt* tlie Hes- 
sian fly, the locust, and the aphis, cause<l famitnjH ere now 
amongst the ‘ lords of the creation.’ The most irjsignifi(*ant 
and diminutive speci(*s, wliether in the animal or vegidable 
kingdom, have (*acli slaught<*red their thousamls, as they 
di8serninat^*d themselves over tlie glols*, as well as the lion, 
when first it spread itself over the tropical regions of Africa. 

Conclndimj remarks on extinction, — Frr»in what has nf>w lx?en 
said of the effect of changes which are always going on in the 
condition of tlie habitable surface'^of the glol^*, and the 
manner in which srune spc^cies are constantly ext4*rHling their 
range at the expense of others, it may Vje df^luced, as a co- 
rollar)% that the species existing at any piirticular i)eriod, 
may, in the course of ages, become extinct one after the 

VOL. II. H H 
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other. * They must die out/ to borrow an emphatieal ex- 
pression from Buffon, ^ because Time fights against them.’ 

If such then be a law of the organic world, if every species 
is continually losing some of its varieties and every genus 
some of its spt.*cie8, it follows that the transitional links which 
once, according to the doctrine of Transmutation, must have 
existed, will, in the great majority of cases, be missing. We 
learn from geological investigations that throughout an iiide- 
finit^i lapse of ages the whole animate creation has been 
decimatiid again and again. SometimeH a single representa- 
tive alone remains of a typ(‘ once dominant, or of which the 
fossil species may be reckom*d by buiuln^ds. We rarely find 
that wliole ordiTs }ia\^(* {lisa[)peared, yet even this is notably 
the case in tlu^ class of roptiles, \vhicli has lost some orders 
characterised by a higlier organisation than any nc>w surviving 
in that class. Ck^rtain genera of plants and animals which 
seem to have been wholly wanting, and others which were 
feebly represented, in tlie Tertiary period, are now rich in 
siH'cies, and appear to be in such perfect harmony with the 
present conditions of existence, that they present us with 
countless varieties conloundiug the zoologist or botanist who 
undertakes to di^scribe and classify them. 

W(‘ have only to reflect on the causes of extinction euume- 
raf ed in this clui])ler, and we at once foresee the time when 
even in these genera so many gaps will occur, so many tran- 
sitional forms will be lost, that there will no long<*r be any 
difficulty in assigning definite limits to each surviving spe- 
cies. The blending tluu’efore of one generic or specific form 
into another, must be an exception to the general rule, 
whether in our own times or at any p(‘riod of the })ast, be- 
cause the forms surviving at any given moment will have been 
exposed for a long succession of antecedent periods to those 
powerful causes of extinction which are slowly, but inces- 
santly, at work in the organic and inorganic worlds. 

Dr. Hooker, in commenting on the loss of a hundred species 
of plants in the course of the last three and a half centuries 
in St. Helena,* remarks, ‘ every one of these species was a 


♦ See above, page 458. 
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link in the chain of created btnngs, which contained within 
itself evidence of the ajfl&nities of other speidca, both living 
and extinct^ but which evidence is now irrecovenibly lost/ 

It is affirmed by Darwin that geneni whicli in the present 
state of the globe are most dominant emitain also the most 
variable species. It is in such genera that tht» formation of 
new races, or ‘ ineipient species/ is most actively g»>ing on ; 
whereas iu tlie majority of more ancient genera and families 
specit*s are fast dying out ; and that such has always been the 
ordt*r of Nature is provinl by the fact, tlnit whiU' certain forms 
are characb*ristie <»f every g(N logical period, these same an' 
unknevvn or fctd)ly rcprfst'iitfd, whether in ohh'r strata or 
in formations of hit<‘r date. 

Tht'V who imagine that if the the<»ry of Transmutatit»n bt^ 
true we ought to (lisc‘over in a fossil statt‘ all the internn'diate 
links by whi(*li the most dissimilar tyjsvs havt' Ikm'h formerly 
connected togtdher must tacitly assume that it is ])art of 
the plan of Nature to leave to after ages permanent refauals 
of all lu'r works, whether animal or veg(dahh‘. Yet these 
same objectors to tin* tlu^ory \v<mld hardly <'X|H‘ct that tlie 
species of ]>hints just alluded as having been so n'ceidly 
extirpated in St. llehuia have all of them left imunorials of 
their t'xisteiict' iu the crust (d’ the earth. In (diapter XIV. 
I have treated of the fragmentary nature f)f the geological 
record,* re-affiriiiing what 1 first stated in iHdd, that it is 
scarcely p<»ssihle to exaggerate tin* dtdectivem*ss of our 
archives. T1i(‘se records, like the existing speedes, are r-on- 
stantly wasting away before our (‘yes, whii(‘ new d(‘posits, 
containing the partial inernorials of tlie mo(h*rn fauna and 
flora, are mov in the process of formation. Hut as the new 
strata are depositf'd (»ul of siglit, ehiefly in tlie liasius of s(‘a-s 
and lakes, their origin is not so conspicuous as is tlie de- 
struction of the memorials of older date. 

So ahso, as before stated (p. 270), the dying out of old forms is 
more easily prov(‘d than the coming iti of new ones. We might 
see iu a large fijrest a full-grown tree blown down or fidled by 
the axe every day in the year, and yet at the end of fifty years 

♦ Vol. L pp. 314-320. 
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find that the number and size of the trees in the forest was 
the same as before, because the daily growth of timber spread 
over many thousands of trees, though insensible to the eye, 
may every day produce a quantity of foliage and timber equal 
in the aggregate to that contained in a single full-grown 
tree. In like manner if one species die out annually, as 
before hinted (p. 272), the loss may be compensated by 
the amount of permanent change ofFected by Variation and 
Natural Selection, in the course of a single year, among 
thousands of species. 
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CHAPTER XLIII. 

MAN CONSIDERED WITH REPEEKNCE TO HIS ORIGIN AND 
GEOGRAPHICAL DISTRIBUTION. 

GKOORArMU’AL l»I8TRim’Tli oK THK OR MAM — nUJJTlKO OF ('ANt»K*« 

Tl) VAST DIvSTAMCHH -MAN, I.IKH OTHKH M'KC U!.S, HAM h'HOU A SlMiM M 

»TAllTIM(i-P<llNT, t)K UMITKU AREA WUKniKE MAMH Ht»l>lLT FUAMK l«K- 
CAME MORE STATIONARY \MIKN HIS MIND MKt AMK MoUK AI»VANt KJ> UUKAF 
A>TIQTrrY UF THK MORE MAHEKH lit MAM UAt HS (JKNKHAL l OlMCIHKNtU 
OF THKIW HANCK WITH THK OKRAT '/(WU.'WiK AL PkOVIMCEH AMKHirAN* 
INHIAM COMMiiM TO NROAHCTR AM) MKofllulMi AL - MAN AN oMK 

Would type maukkd link of hkpakation di-twkkn Malayan and 

FAPVAN HACKS - DlvriNCTNKSS OF ?n:*(RO AND KI HOI'KAN, AND OK 

THK MFLTll’LK ORIOIN <»K MAN- KI\-HNOKUKD VAttlKTT OF MAN IIHARIN<| 

ON THE MCTAJilLlTY OF HIS OlKiAMSAI loN UKOHoW I H oK M I KHNl MHIlAliy 
DIOITS MU>IN AMFl TAXED fllESK FHKNoMFNA HKLKHRKD HY DAUMIN ft) 
RKVKRSlON - WUKTHKU MAN HA** KEEN DK(UIADKD FROM A HIOHKW OR HAS 
R1SF.N FROM A L<»WKR STAOK oF CIVILISATION -ORADt AL DIMIKI TION OF 
THK NCMUFR OK LAN<lVA<iRs AND RACKS -OACDRV f»N INTKUMKDIATK FORMA 
MKTW'KKN THK IT'FKU MIO« LNK AND THK I.IVINO MAMMAllA RKLATU>NSHn* 

OF MIOCKNK and LIVING Ol ADRCMANA —OW Kn’s < LASSIKU AXIOM OF MAM- 
MAUA ACI'OUDINO To t KRKHRAL DKVKLoFMFNT — FRoOKKSSl VK ADVANCKMKNT 
IN CKRKHRAL CAPACITY C»F THK VKRTKIiRATA IMPRoVKMKNT oF MAN’s 
CKUKHUAL CONFORMATION —W'HKTHKR TM KRK 1» ANY FIXED LAW OF PHO- 
ORKSS — OlUKCTU»N» To DAHW IN’s IHUORY OF NATCliAL HKLFX'TION CON- 
SIDERED -OKKAT STBP GAINED IF KPKCIKS ARK SHOW’N To ME DFVKLOPKD 
ACCORDING TO THK ORDINARY LAW’S OF RKPHODUCTIUN — i AChR OF RKI.Pi - 
TANCK TO HELIEVK IN MAN S DERIVATIVE ORIGIN. 

Geoghaphjcal DisTUinurioN or the paces oe maw 
In tills chapter I shall offer some observations on the 
graphical distribution of the different races of man, and con- 
sider whether, if we admit the doctrine of Transmutation as 
most probable in the case of the in|erior mammalia, w<* are 
bound to embrace the same hypothesis when speculating on 
the origin of the human species. 

Long before the geologist had succeeded in tracing back 
the signs of man^s existence to a time when Europe was in- 
habited by species of quadrupeds, such as the elepliant, 
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rhinoc4?ro«, lx?ar, lion, hyaena, and others lonjj since extinct, 
naturalists had already amused themselves in speculating on 
the probable birthplace of luankirtd., the from winch, 

if we awHume the whole human race to have descended from 
a single stock, the tide of emigration must originally have 
pro<‘eeded. It has Ixjjen always a favourite conjecture, that 
Ihis birthplace was situated in an inland within or near the 
tropics, where per|)etual sumuK'r reigns, and where fruits, 
herbs, and roots are plentifully supjilieil throughout the 
ytair. The climate of these regions, it lias berni said, is 
suited to a being born without any ( overing, and who had 
not ytji ucajuired the arts of building habitatiiUis or providing 
elotln*s. 

‘ The liunter stat**,’ it has been argued, ‘ wliich Montes- 
qnimi placed first, was proliably only the second stage at 
which mankind arrived; sima* so many arts must have been 
invented to eateh a salmon, or a deer, that soeitdy eonld no 
long(‘r hav(' bemi in its infanev when they (*ame into use/ ^ 
When r(‘gionH whmv the sjsmtaueous fruits of the earth 
abound becaam' ovt^rjieophnl, men would naturally diffuse 
tlieinselves ovi‘r the neighliouriiig paiis of the temperate 
zone; but a eonsiderable time would jn*obably elapse btdbre 
this evtuit to<ik place; and it is jiossible, as a writer befon^ 
cited observes, that In the int<*rval befon* tlie multiplication 
of their nnndiers and th(‘ir im'ri-asing wants had eomjielled 
them to emigrat(% some arts t<» take animals were invented, 
but far inferior t<» what we s(‘t» practised at this day among 
savages. As their liabitat ions gradually advamvd into the 
temperate /one, the new difficulties tluy had to mieouiiter 
would call fortli by dt'grees the spirit of invention, and the 
probability of sucdi invtudions always rises with the number 
of people involved in the same necessity. t 

Sir Humphrj' Davy, although eoineidiiig for the most part 
in the above views, has introduced one of the persons in his 
second dialogue, as objecting to the thwry of the human 
race having gradually advanced from a savage to a civilised 
state, on the ground that ‘ the first man must have inevit- 


♦ Bnind’» S<dect Di»8<vrt. from the Amojn Acad., vol. i. p. 118. 


t Ibid. 
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ably l>een destroyed by the elements or devoured by savage 
beasts, so infinitely his sui^eriors in physical force/ * But 
this difficulty had bet^i met, as before stated, by assignings 
as the original seat of man, some island within the tn>pie8, 
frt^e fn>m large tsMsts of prey. Here man may have d»- 
maiinsl for a i>eriod, |H‘culiar to a limited an^a, just as some 
of the largo anthn>jK>iuori)hous sjKHdes are now restricted to 
one tropi(^al island. In such a situation, the new-born race 
might have lived in security, though far mort‘ helpless than 
the New Holland savages, and might have tound abundance 
of vegetable food, (/ulonies may afterwards have lanm 84 ‘nt 
forth from this mother eountry, and then the p4*opling of the 
earth may have proceedinl aceording to the hyindhesis before 
alluded to. 

In an early stage <d' society tin' necessity of linnling a^ds 
as a principle of rcpnlsioii, causing men to sprca^l with the 
gn'utest rapidity over a country, until the whole is covcr<Ml 
with scatt«*red settlements. It has been eahadatt'd that 
80o acres of hunting-grouml pro<luec only as much foo<l as 
Inilf a!i a<Tc of arable land. When the game has Is'tui in 
a grt'til measure exhausti'd, and a stat<* of pasturage suc- 
ceeds, the several hunter-triiM*N, being already H(‘att4‘red, may 
multi{»ly in a sliort time into tlie greatest number whi<*h the 
pastoral state is capable (d' sustaining, Tln» necessity, says 
Brand, thus imposed ujKm the two savage slab's, of dispersing 
theniselvi's far and whle ov4'r tlie country, affords a n^ason 
why, at a very early period, tlie worst parts of the earth may 
have be( ome inhabited. 

But this reason, it may be said, is only applicable in as far 
as regards the jieopling of a continuous continent ; whereas 
the smallest islands, however remote from contim'uts, have 
almost always bt'en found inhabited hv man. St. Helena, it 
is true, afforded an exception ; for when that island was dis- 
covered in 1501, it was only inhabited by sea«f<»wl, and 
occasionally visited by seals and turtles. t The islands also 
of Madeira, Mauritius, Bourbon, Pitcairn, and Juan Fer- 
nandez, and those of the Galapagos Andiipf'lago, one of 
which is 70 miles long, were uninhabited by man when first 
• Sir II. Davy, ConsoUtioiiw in Tnivci. p. 74. p. 457- 
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diseoTeredf as wf^re also the Falkland Islands, which is still 
more remarkable, since they are together 120 miles in 
length by 60 in breadth, and abound in food fit for the 
support of man. 

l>rifiin(j of canoes to vagi duiances , — Very few of the nume- 
rous coral islets and vcAcanos of the vast Pacific, capable of 
sustainitjg a few families of men, have iM.*en found untea- 
anted ; and we have, therefore, to enquire whence and by 
what means, if all the iaenibi*r« of the great human family 
have had one cominou source, could those savages have 
migrah.Ml. CJH[)tain (^s>k, Mr. Forster, and lathers, have re- 
rnarke<i that parties of savages in their canoes must have 
often lost their way, and must have l>een driven on distant 
shores, where they were forced to remain, deprived both of 
the meai»8 ami of the requisite int4‘lligence for returning to 
their own country. Thus found on the island of 

WatiMH) three inhiibitant.s of Otaheite, who had Ix^en drifted 
thither in a canoe, altliu\igh the distance between the two 
isles is 550 miles. In ItJOG, two canoes, containing thirty 
[>ersoiis, who had left Aucurso, were thrown by contrary 
winds and storms on the island of Samar, one of the Phi- 
lip[iines, at a distance of 800 miles. In 1721 tw'O canoes, 
one of whicli contained twenty-four, and the other six persons* 
men, woimm, and children, were driftcnl from an island called 
Farroilep to the island of (iuaham, one of the Marians, a 
distance of 200 miles. ^ 

Kotzehms when invt‘stigating the Coral Isles of Radack, 
at the eastern extremity of the Caroline Isles, became ac- 
quainted with a person of the name of Kadu, who was a 
native of Ulea, an isle 1,500 miles distant, from which he had 
Ix^en drifted with a i)arty. Kadu and three of his countiy- 
men one day left Ulea in a sailing bi>at, w hen a violent storm 
arose, and drove them out of their course : they drifted 
about tbe o|xm sea for eight months, according to their 
reckoning by the moon, making a knot on a cord at every 
new moon. Being expert fishermen, they subsisted entirely 
on tbe produce of the sea ; and w hen the rain fell, laid in as 
much fresh water as they had vessels to contain it. * Kadu,’ 
♦ MalU^Brun 8 Geography, vol. iii. p. 419. 
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nays Kotaebue, ‘who was the best diver, frequently went 
down to the bottom of the sea, where it is well known that 
the water is not so salt, with a cocoa-nut shell, with only a 
small opening/ • 'VMien these unfortunate men reuchcHl the 
Isles of Radack, every hojx* and almost every f«*eling had 
died within them ; their sail had long been destroyed, their 
canoe had long been the sjmrt of winds and waves, and they 
were picked up by the inhabitants of Aur in a state of in- 
sensibility ; but by the hospitable care of those islanders 
they soon recovered, and were restonnl to jM‘rfeet health. f 
Captain Beechey, in his voyagi* to the Faeitic, ft*ll in wdth 
some natives of the ('oral Islands, who had in a similar 
manner been carrie<l t<» a great distaina* from their native 
country. Tliey Innl embarked, U) the nunils*r<»f 1^)0 sotils, in 
three double canoes, fnun Anaa, or ('hain Islaml, situated 
about JKK) miles to tlie eastward of ()tahcit«\ I'hey were 
overtaken by the monsoon, which disperscil tla‘ c:mo«*s ; and 
after driving them alK>ut the ocean, left them b<‘ca]med, so 
that a gn*ut innnl>er of persons porisluHl. Two of the canoes 
were never lieard of; but the other was (lrift*Ml from one 
uninhabited island to another, at each of whicli tht' voyagers 
obtained a few j^rovisions ; ami at Icngtli, after liavir:g 
wandered for a distance of bOO miles, tln*y were found and 
carried to tladr lioine in the Blossom. 

Mr. Crawfurd informs me tliat there are several well- 
authenticated accounts of canoes having lH.*en drifted from 
Sumatra to Madagascar, and by such causes a portion <jf 
the Malayan language, with some useful plants, have been 
transferred to that island, which is principally peopled by 
negroes. 

The space traversed in 8<m»e of these instances w^as ho 
great, that similar accidents might suffice to transport canoes 
from various parts of Africa to the shores of Si>uth America, 
or from Spain to the Azores, and thence to North America ; 

* Chamisso stJiU>s that the whUjt ^ Vovaifft, 

which tliey hpought up was cf>^»lt‘r, ami, Quartt'rly Kiivicw. tol xxvi. p. 361. 

Cl leas bait, it Ih difficult t Niirr'Uivo of a Voyage to the 

to conceive ita boin^ fresher near the Pacific, in the yearn 1S26, 1826, 
IxJttom, except where submarine spnngg 1827, 1828, p. 170. 
may happen to hae. 
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fto that mail, evim in a rude state of society, is liable to be 
scattered involuntarily by the winds and waves over the 
glolie, in a manner singularly analogous to that in which 
many plants and animals are diffused. We ought not, then, 
to wonder, that during the ages required for some tribes of 
the human nice to attain that advanced stage of civilisation 
which empowers the navigator to crt>BH the o(*eau in all 
dire<‘tions with security, the* whole earth sh(>uld liave become 
the abtnle of nah* tribes <jf luintors and fishers. Were the 
whole of manlcind now cut <»ff, with the exception of one 
family, inhabiting the old or new continent, nr Australia, or 
even some coral ish^t of tlie Pa<‘ific, we might expect their 
desctunlanls, though tht*y should never Urome more en- 
liglii<MH‘d than tin* Anstralians, tlu* South S4*a Islanders, or 
tin* Esquimanx, to spread in the course (d agos over tin* 
whole <*arth, diffused parily by tin* tendency of j)opulation to 
increaH(‘, in a liiuit(‘d district, boyond the means of subsist- 
ence, and parily by tlie a(*(*idental drifting of canoes by tid(*s 
and curr(*ntH to distant shores. 

M<i7i ham mprrad from a mitojlr miari nuj-yo'nii . — The close 
affinity of all tin* raet's of mankind in tln*ir iM)dily conforma- 
tion and in tln‘ir nn*nt:il and moral attrihiites, and the manner 
in which tin* most divt'rgent varieties inU*rinaiTy and blend 
tog(‘th(*r, n‘(|uire us to hcli(*ve that tlie sj>eeit*s was essen- 
tially in all its clianicters what it now is before it Wgan to be 
diffused in the manner above supposed. The more we study 
the relations of man to tin* rest of tlu* organic world, the 
more complete do we find his sul)jeetii>ii to the sann* general 
laws. If, llien*fore, we infer that every spt*cit*s of animal has 
had a single birthplace, it is natural to ex{»eet that we shall 
find that man is no t‘xceptiou to the rule, and that he also 
sprtnid over all the continents and islands from a single 
starting-point. But it does not follow that all are descendants 
of a single pair. Indeed, if we embrace the doctrine of 
Tninsmutation, the process by which a new species comes into 
being is by no means simple, and it is not easy to form a 
precise idea of its elaboration during that period of transition 
when certain varieties tending in a given direction are re- 
l>eatedly getting the better of others in the struggle for life. 



Ch. XLIII.] MAN SPRKAD FROM SIKGLE STARTINO-POIXT. 475 


Under the constant influence of the same external ctuulitions, 
the characters of such varieties In^come intensifiinJ during 
many successive generations, and when at lust they are fixtHl 
and jK‘mmnent the ancestral type may liavt* jH‘risluHl, or in 
some cases may survive in certain stations, the intermediate 
forms having l>een absorlKnl int<» one or other of the two 
extremes. During a jK‘rii>d when tht‘ ptovers of Variation 
and Selection are 8(» active, a considerable number of in- 
dividuals closely allied in tludr organisation will intermarry 
fretdy and mnltijdy within a limited geograjdiical uri‘a, and 
will transmit the same pe(*uliarities of bodily and mental 
structure to their oflspring. Wluui, by this pri>et'ss, a large 
homogeneous p<»pulatioii has been formt‘d,aiul tludrchanieters 
have be(*ome fixed bv iiiht*ritanct\ it will b<* long b(*for(‘ sub- 
sequent eliunges of elimate, s<»il, I’ond, and otluT eonditions, 
and, in the ease of man, eusl<»ms ami instltiitii»ns, will (*auHi* 
any marked deviations from the normal tyjM\ 

That it should In* so ditlicult for us to picture to oursidves 
the manner in which a species may Is* elaborated hy Varia- 
tion and Selection, neial m.t surprist‘ us when we eoiisider 
how hard it is to uhtaiu a clear idea of tin* gnovt li and estab- 
lishim*ut of a new language, even wlien we are sure that tlie 
same lias originated only a few eeuturies hetoiv our time. 
In the case of the English tongue, for examj)Ie, it w<»uld not 
bi* easy to lix u{>on tin* exacd. year or generation when it was 
formed, or to follow it through its various transitional pliases 
wlieii tlu* Anglo-Saxon stock was he<‘oming modified hy incor- 
porating into it Frencli, Daiiisli, and Latin terms and idioms, 
or wlien new modes of pronunciation were euiniug into vogm* 
or new and original expressions invented. I'Ik* unity and {>er- 
maneiicy of character which finally sprang out of the hh*nd- 
ing together of such lieterogeneous materials is a singular 
phenomenon, and the want of pliancy of tin* same language 
when transplanted int<j distant regions is also nunarkable. 
The mexiifiability of the language and its tendency to vary 
never cease, so that it would readily run into new dialects 
and modes of pronunciation if there were no eorniriunica- 
tion with the mother country direct or indirect. In this 
respect its mutability will resemble that of species, and it can 
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no more spring up independently in separate districts than 
species can, assuming that these last are all of derirative 
origin. 

Whether man’s hffdily frame became more $iatmmry when his 
mind hecjime more advanced , — Mr. Walhice, when comment- 
ing on the distinctness of the leading races of mankind, es- 
pecially the (.'ancasian and N<‘gro, and lUi the constancy of 
chanicterH imiintaiiied by these last for 4,000 years, as proved 
by old Egyptian j)aintingH, suggests that at some former 
perio<l man’s (H»rp<»real frame must liave been more pliant 
and variable than it is imw; for, ac<'ording t<» the observed 
rate of duetuation in modem tinu^s, .scarcely any conceivable 
lapse of ages would .sufK(‘e to giv<* rise to such an amount of 
differentiation. H(* th(frc‘fure con<?ludes that when first the 
mental and moral qualities of man acquired predominance, 
variations in liis bodily f[»rm ceiused to be preserved and 
acaaimulahHl by Natural Selection, Isjcause he was enabled 
to meet all new exigencies springing out of lu^w conditions 
of existiujce by inventing new weapons, by clothing himself 
and building hoU8(‘s to jjrotect him against the inclemency 
of tlie weather, by making ust* of fire to render palatable and 
mitriiious animal and V(‘getabh‘ substances, and above all 
by his powers of social combination. Instead of the form of 
his limits being modified or aequiring more agility and 
strength, instead of his sight or hearing becoming more 
acute, his lK>dy would remain stutionury while liis intellec- 
tual faculties would contimiully improve. * 

Before, liowever, we embnice the views here set forth, W’C 
must Ih‘ sure that we are not underrating the vastness of the 
time which it may possibly have taken for ractvs so different 
08 the European and Negro to diverge from a common type. 
Broca, in his work on Anthropology, when speaking of the 
paintings preserved in Egyptian temples nearly 4,000 years 
old, says that, Ivesides Negroes and Greeks, there are repre- 
sentations of Jew’s, Mongols, Hindoos, and natives of the 
Valley of the Nile, proving that all these tyjies were then 
as distinct as they are now. He nevertheless thinks that 

♦ Human Rticost, AnOiropoIo- Contributions to Natural Selection, pp. 

gical Koview, May 1864, p. elviii. Al«o, 311-817. 
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climate, social condition, alimentation, and moiie of life may 
have determined origfinally the diversity of races, althouc^h it 
is evident that three or four thonsand years is bnt u miiuite 
fraction of the time recjnired to brin*^ about sueli wide diver- 
gence from a common pai\*nt stock. 

Mr. 0, L. Brace, in his answer to Mr. Wallace, has le- 
marktMl that wdien memlnTs of tli<» Anglo-Saxon nice hav4* 
in the course of the last two ccntiiri(\s coKudscd a dist^int 
country, they have, as in tin* I'nitetl States of America, de- 
viated in an appreciable dt^gm* from tlie original typt% in 
spite of the frequent intermarriage of the new Kt*ttlcrs with 
emigrants coining fnuii tlie motlicr country. ‘The fi»nn,* 
he says, ‘has Invoim* more angular and muscular, tlie com- 
plexion dark(r, and the fact* lt>ngt*r and thiniur. Tie* intel- 
lectual and moral powers of tin* Anglo- American have not 
b<*en dt‘fi<*itmt, andytd flow havt* not j»r<*st‘rvt*tl liim from vari- 
ation.’ It is also very commonly asst*r1t‘d tliat in a few gene- 
rations tin* English st^tthrs in Australia liave varit*d soim*- 
what aftt‘r tin* manntu'of Hit* A nglo-Aniericans. (iniiit tluit 
even a slight clmngt* can bt* suptu'inductsl in two ct'nturies, 
what may not tlioiisands of ct‘nturit‘s liavc (‘f!ectt‘d whtm the 
new stdtlers wt*n' wandering into countries wlurt* tho ctmdi- 
tions were far mort* dissimilar than those of England, Nortli 
Africa, and Soutli Australia? 

Wc may, liowevt r, con<*f<lt* to Mr. Walla<*e tliat when first 
mankind emtTgtsl from its primitivt* dwclling-pla<‘t* and hegaii 
to ]>eople the unt»ocu[>itHl contim*nts ami islands, th<* forma- 
tion of marked races may have proctasletl at a soimovluit 
faster rate tliaii now. Afit‘r having ht*eii for a long time 
as strictly confined to one district as are now tin* chimpan- 
zee or orang-outang, being still in a stat^* of ignoranr-e and 
barbarism somewhat lower tlian that of the Australian savage 
or the Andaman islander, man may have sjiread in scattered 
hunter-tribes over new latitudt*s, oft(‘n (uicountering very 
ungenial climates in regions wliere foo<] was ahundant. Under 
such circumstances the mortiility of the population would hi; 
great, and Xatunil Selection very active in giving a prefer- 
ence to certain varieties over others. In Great Britain and 
Belgium it has been shown by statistical returns that about 
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one-tentli of the population die before they are a month old. 
and one-fourth in early childhood. If in the newly ftetlled 
territories the transitions from the extnunes of heat and cold 
were frequent, those individuals who had weak lunjjs would l)e 
the vietiiuH, whereas in other re^^ions where the temperature 
was very erjuabh* throughout the year, the same |X‘rsons 
might be the most healthy and iinist likely to grow up and 
befxmif* tie' progenitors of the ne*e destined to perqde the 
newly occupied district. So i)f rdlier variations — in some 
cases a darker skin, in others aliLrhter complexion, might be 
most favounihl«% !>ut many g^oienit ions must pass away before 
a combination of cliarai-ters best suited to the surrounding 
conditions would be attained. 

(!innrnlrtt('f (f fh* rn/nff (tj fhr mnre innrh*^il finmnn rttrfsiviih 
ijnat zoalixfiral jH'orlhrrn,~~~ Professor Agassiz has called 
atbuition t(» the important fact, that each of the more marked 
races of tlie inunaii family, su<‘li as the white race, the 
Chinese, the New Hollanders, the Malays, and the Negroes, 
is limited to some great zooh»gical provinee. This cir<nuu- 
stanee, In^ remarks, shows most unecjui vocally the intimate 
relatioji existing Indwa^en mankind ainl tlie aTiimal kingdom 
in their adaidatiuti to the physical world. The same natu- 
ralist, liowanaT, has scarcely laid Hufiiei(‘iit stress on one 
nnirked exception to this rule, namely, tliat over tlie w'liole 
et)ntiiient of America south of tlu* .\rctic zone (or the region 
wdiich is inhabited by Es(piimaux) all the numerous trilu'S e>f 
Red Indians have the same plivsieal eharacter and are of one 
and tlie same rai*e. * Dr. Morton liad already declared this 
to be the ease after stndyino- the <TanioK»gi<*al characters of 
the American Indians from Canada to F^itagonia. Never- 
theless this continent eomj>rist*s two of the great zooh^gical 
regions before iletined (p. as the Neoarctic and Neotro- 
pical. On independent grounds !Mr. Henry W, Bates has 
arrived at the conclusion tluit tlie Red Indian must have 
immignited in comparatively modern times into the hot 
regions of equatorial America. Even the European, he says, 
beaxs exposure to the sun or to unusually hot weather quite 

* DiTersity of Origin of tiie llumnn Races. Christian Examiner, July 

1850 . 
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as well as tlie Indians, while the Negro is far Wtter 
to the same climate, for he escapes many epidemic diseases 
incidental to hot latitudes which causi* great hav^H* among 
the Indians. The latter, according to Mr. Bates, lives us a 
stranger in his own lamntrv, the valley of tin* Amazons. His 
const it iitum was not originally fitted, and luis not since his 
immigmtion l>i‘Come perfectly adapted, to the climate of 
tropical America* 

We havt* as yet no geological data to tuiahlt* ns to determine 
the relativt* anti(juity of man in the Old and New Worlds. 
Some fossil remains of onr species found in the valley of the 
Mississippi imply, if tln*ir geol<*gieal position has lH*<*n cor- 
rectly ascertained, lliat man was contemporary with iminy 
extinct (juadrnpeds and inliainted that region htdon* it under- 
went soun* of its latest g4*ogru|diical <’lianges. t Bnl as a 
matter of S|H*cu!ation, if we assume tliat mankind, Iilc(* evt*rv 
other s[K*<*ies, has ha<l )»ut om* hirth|»la»‘e, and if we also snp- 
]H>se him to luive betm derived from s<nne m*arly allit*tl proto- 
type, we must inelint* t«» the Ixdiof that the peopling of 
Am(*ri(‘a t<»ok place at a later perio<l than tlnit of (he (did 
World; for man, as has hemi truly said, is an M)ld- World 
tyj>f‘,' his l>o<lily structure, as before observed jp. Ibid), being 
clostdy relat<‘d to tiuil of tin* (juatlrumana of Africa and Asia, 
and differing widely from all tin* spis iesof tin* Western Hemi- 
sphere. But the first settlingof mankind in Ameri<*a., though 
a comparativ<*ly mod(*rn ev4‘nt, may still ilaf*? back as far as 
tile Pa!(H>lithic p4‘riod of W est4*rn Enro]>e. Soiin* of tin* la(<*Hf 
changes in the valb*y of tin* Mississippi and its trihntarif*8 may 
have taken plane sinc<* tin* n‘mains of man and of soim* extinct 
animals were bnrit'd in snp4*rncial deposits, yet throngboni th*? 
period of these geogra[dn(*al <’hang<*s the chain of th** Andes 
may have been always (*ontinuous from Canada to Patagonia, 
ami may have facilitat+nl the spread of a single rae<* fnnn one 
end of the continent to the other. 

Mr. Wallace in his memoir on Man in tin* Malay Archijie- 
lago4 has explained how nearly the line n, h (map, fig. IdH, 

* ItaUfi*, Naturalist on the Amaz(>ns, * at Urit Ashk^c., N# ,,.. 

vol. ji. p. 200. 1864. Se« al^o MaUy Archipelago, 

t Lyeil, * Antiquity of Man,’ p. 200. chap. xi. 
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p* 350), which separates the regions of the Indian and the 
Anstraliau faunas, agrees with the geographical boundary 
line r, h (ibid.) dividing the habitations of the Indo-Malayan 
and the Papuan races. He describes the typical Malayan 
nice, found almost exclusively in the western half of the 
archii>elugo, as of a light reddish brown colour with a more 
or less olive lint, hair black and straight, the face almost 
destitute of lauird, the stature below the avenige European, 
wliile the Papuan ra<M‘ is much darker, soinetimes almost as 
black as the Negro, the hair growing in tufts and frizzly, the 
fa<‘e adorned with a beard, the stature equal to that of the 
Europmin. The intellectual and morul (duiracderistics of the 
two races are alH<» descrilxMl as strongly c‘»uitrasted. These 
Papuans are found in New (iiiiuea, while tin* Malays inhabit 
Borneo, two large islands almost exactly agreeing in climate* 
and {diysieal features, and within 3tK) mihes of each otlier, and 
yet in which there is a tidal diversity r>f animal pnaJiictions 
as WM^Il as a marked distinetia»ss in tin* races (»f man. If we 
assume tliut these two ra(‘es came originally frojn a eommon 
fitoek, W(‘ must sup])ose that they liav(* been each of them 
8eparati‘ly exposed for huinlriMls of generations t(> a distinct- 
ness of (*xt<*riial coiulit ions analogous to tliat wlii(‘li, according 
to the tln'orv <»f Transmutation, has, in tin* coursi* of a much 
longt*r ]>erio(l, produ<*ed tin* dis(*(»rdaiuM* of spctues obsf‘rved in 
tin' Indian and Australian regions. 

I HHiiitcf nt\Hn (tf nut] Ktwitiu nu ^ qut st Ion jtndtiple 

oriijin of It must lx* admitted, liowev<‘r, that we cannot 

80 easily a<‘counl for the diflenaO iation of the Papuan and 
the Malay race,s as we ean uinlerstaml how Hit* Negro ac- 
quired charaelers SO diflerent from those of all other members 
of the human family. Fi)r tin* natural l)arri(‘rs of tin* Etliiopian 
province, with the (nvaii on three vsides and the great desert 
(submerged in Pliocene times'! on tin* fourth, may well be sup- 
posed to have cut off* for an i!nh*tiHite lapse of ages a barbar- 
ous population from all int<‘rcourse withtlie rest of mankind, 
and to have given to peculiar external conditions an oppor- 
tunity <.»f fixing eeiiaiin viiriati(*ns and forming a race without 
parallel in other paHs of the world. The diverg(*iiee, indeed, 
of the Negro from the European in the colour of his skin, 
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the texture and mode of growth of his hair, his features, the 
proportions of his limbs, and the average size of the bniin, 
has led some naturalists to maintain that he is more than 
a men* vitriety of mankind, and ought to rank as a separate 
species. 

Pn»fessor Agassiz, withimt going so far, Ixdieves neverthe- 
less that the parent stocks ln>m which these and other 
leading varieties have descended were originally distinct. 
Aceonling to him, a great nuiuls'r of indiviiluals «^f each of 
the principal races of man were called into Isdng whtui the 
race was created possessing all those chanuders wliicdi thtdr 
j>OHterity afterwards inherite<l ; just as the same anthr»r ima- 
gines that a great many representatives (^f eucli spt*cies of 
animal, tespecially of species luiving soeial hahits, wt*n* created 
in large numbers, 8(^ as at once io people the whole region 
which they \V(»re destimnl to inhahit. This theory has at 
least the merit of being eeiisistent with itself, and relit'ves the 
0{)p<ments of transmutatioij from the <Hlemma <»f explaining 
why, if so gn*at a divergence from a parent typ(' as that of 
the white mari and negro <'an take plaee. a like niodifuibility 
should not be able, in the course of ages, to go a step farth<*r, 
and giv(» rise to dilferences of specific valut*. Tliut tin* ra<'e« 
of mankind should nev(‘r liave diverged so far as to beccuin* 
incaj^ablo of intermarrying and prodiu ing bu'tile oflspritig is 
quite intelligible, if w<^ consider tin* manner in vvliicb trilw? 
wars against tribe, and how the inhabitants of the temperate 
and colder regions have continually invaded and overpowered 
the more indolent and less progressive tenants of tropitail 
latitudes. Tliese* {‘oiupiests explain the Idending at the point 
of contact of one race into another, which has led many 
natumlists to affirm that, insb^ml of the five principal tvj>es 
of Blumenbach, there are fifty, if not mon» than a hundre<l 
races, each of which has had its own Adam and Kve. 

Sijr-jin^^red varifty of innv qa hearing on thr ynnioitHHy of 
hiM organimtion, — As to the supjMased ^want of flexibility in 
the bodily structure of man (*ver since the Paleolithic period, 
we ought to bear in mind that according to the thisiry of 
transmutation we can only expect variations in those parts 
of bis organisation to be pi?q>etuat€d, the improvement of 

VOL. II. I I 
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which would he useful to the individual or tribe givinggthem 
an advantage in the struggle for life. We have seen (page 
299), that the expt^riments of the breeder and horticulturist 
prove tluit one part of the organiHation of an animal or plant 
may he greatly altered by sideetion, while other parts which 
are negleei(*d remain unchanged or do not vary in a per- 
ceptible degn*e. But tlu* organ tin* variat ion of which would 
be most iin|M)rtaiiit in tlu* can** <>f man is tle‘ bruin, and it is 
on cerebnil developinfuit that Natural 8<‘l(*etion would o{)erate 
most effectively. Before eonsidrring whtdle^r, in the course 
of thouHands of geiujraf ior^s, somi* favourable imKlificatiuns 
may not have taken place in this organ, giving U» one race an 
ml vantage over others, it may be well to allude to a singular 
dt‘viation fnun the loniifil stjindar<l which has been <»bserved 
in man, and some other cd’ the inainmalia, and wliit h has 
d(*Herv<Mlly attra(*ted inueh att<*ntion. This deviation Consists 
in the oc<nirrence of six, instead of fiva‘ digits, of which ex- 
amples an* ftmnd in the dog and the (*at as well as in human 
btungs. Mr. Darwin, aftt*r having tabulated the eases of 40 
pcTHons with extra digits <m one or both hands or feet, which 
he found reconhul in variotis works or which had been privately 
communicated to him, iiscertaincd that in this number, Td 
hands and 7o feet were thus affected, j)roving, in eontradic- 
tit)n to previous opinions, that tin* hands are not more 
frequently affect«*cl than tla* feet. Professor Huxley cites in 
detjiil from Ueauiiuir the ease of a Maltese couph* named 
Ktdleia, who, having hands and ft‘(*t eon.>tructed t>n the 
ordinary human modtd, had hum to them a son, C^ratio, who 
possesstnl six perfivtly movable tingers on (*a(‘h hand, and six 
t<K*8, not quite so well formed, on each foot. This son mar- 
ried a woman with the ordinary pentadactyle (extremities, and 
of their children one had six fingers and six toes, and the 
others wa^re of the normal type. The six-tingered son had 
three' out of four of his children six-fingered. But what 
is more remarkable, tvvo of (^ratio's children of the normal 
type having married five-fing(‘red wives or husbands, never- 
theless reproduced in the next gtun^ration the six-fingered 
variety Thus, although in each case c-ne parent and some- 
times both were five-fingered, the six-fingered variety per- 
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sinied down to the gprandchildnm of G ratio* If, ob^iervtn«i 
Professor Huxley, some of these last ha<l matched with 
their cousins having the same abnoniial «tTuetim\ we cannot 
doubt that a six-fingered and six-toed race would have Ihmmi 
|H^ ri>etuated. In these eases it usually liapi)ens that the 
suj>ernuineniry dit^it is sup^Hirtinl on a nietucur]>al Ih)Ius and 
furnished with all projK‘r inuseles, nerves, and vessels, being 
so p4*rre<*t as to eseajs* deteetioiu unless the flngt*rs an* 
actually e<nnited, Adtlitional digits, says Darwin, have 
observed in negroes as well us in tin* %vhite races. 

The frequent n^-growth of snpeniuinerary digits aft4*r they 
have lK?en l ut off is another extraordinary fnet which must not 
l>e lost sight of by tbost* who an* dis|)osetl t<» siHHudab* oti the 
nature and cause of this phtununeinai. In one instum^t*, that 
of a person now living (IS^IS), tin* additional liriger, wln*n the 
infant was uImhiI six wt‘eks old, was nunovtsl at the joint, and 
as soon as tin* wound heah-d, tin* digit bf*gan to grow, on 
wliieli the < operation in about three motdhs was repeabah 
when tin* finger was (»nee nn»re repro(lueed ineluding a Iwan*, 
In another exaniph* cited by Dr, ('ar|>i‘nt4*r of a thumb double 
fnan the first joint, the lesser thumb, which wax furnished 
with a nail, was r(‘nnkved, but it grew again and leprodueed a 
nail.* Mr. Darwin regards these supernumerary digits in man 
ax retaining U* a certain «‘xti‘iit an embryonic condition, and 
rcHemhling in this respe< t the normal digits and limbs <»f the 
lower vertebrate <*lasses wliieb are st> j)rone to nqinaluction. 
Spallan/aini eut tin* tail and legs of tin* mime Halamander 
six times su<*(*essively, and Bonnet <*ut tliem off eight timi*H, 
and they were always renew<*d. Tin* {^‘(‘toral and biil-fnis 
<»f many freshwatt^r fish having lHu*n cut otf have l>een jH*r- 
feetly restored in al>out six weeks’ tiim*. Fishes have some- 
tirnes in tlieir [M*ctorul fins more than five, miinetiines as 
many as twenty, rnetacaqial and phalangeal bones forming 
so many rays, and occasionally bearing brmy filaments, which 
together clearly represent our digits with their nails. So 
again in certain extinct reptiles, the Ichthyopterygia, ‘ the 
digits may be seven, eight, or nine in number, a significant 

♦ Danrifl, ‘ Vari.ifion/ vol. ii., p, 294 . 
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mark/ says Professor Owen, ‘ of piscine affinity.’ ♦ Mr. Dar- 
will therefore Kuj'gests that the excess in number and the 
power of re-'»^rowtli of the supenmmeniry digits in man may 
bi* an instance of reversion to an enormously remote and 
nmltidigitate prog**nitor of very inferior grade.f As the 
numlKT five is so strictly adhered to in the digits of all the 
higher vertidirata, and is at least m*ver exceeded as a nile in 
any living r*»ptile, bird, <.r mainmabthe exc**ss alK)Ve alluded 
to in human iligits is gouierally regard»‘d as a monstrosity, the 
more ho Is'catise, although six is tin* im»re e<nnmon vari(*ty, 
yet there are sometim«*s from s»‘ven to more than ten fingers 
or tO(^s, more or less porf»M‘t. <^>11 tie* same hand or f(K»t, and 
ocNNisiomilly loss tluni five, (’ertainly this deviation from 
tle^ onlinary standunl, as well as tie* rt‘-grovvth of the 
amputat<»d limh, <loes not p<unt in tie* direction of progressive 
improvement. If it he looked upon us a malformation occa- 
Hionally shared by other mammalia, it only adds one more 
to innumerable oilier bunds of (‘onnection by which the 
inferior animals and man are unit4*<U whether in the })er- 
fection, or the oeeasioiial imperfectiem. of their organi- 
saiion. One remarkable example of sm h l>onds of uflinity 
has been lati^ly adduced by Mr. Darwin in liis ‘ Dcs(*cnt of 
Man.’ In tin* Qnadrurnana and (’arniv(»ra there is a passage 
m*ar the lower end of the humerus, ealliMl tin* supra-condv- 
loitl foramen, through wlu< h tin* gn^it imutc of tin' fore-limb 
paHSt*s, and often tie* great artery. Ntov o(‘casi<»nallv this 
foramen oc(’urs in man with the nervt* passing through it, and 
it is n*markable that tlu* jH'rccntage of tlie oc(‘unviKM‘ of this 
variation is great»*r in anei**nt than in nio<h*rn raees in the 
proportion of nearly dO to 1. This has b*H*n ascertained 
by the examination of large nuniK^rs (»f ann-lxines of the 
Bronze and Keindeer periods, and Mr. Darwin remarks, that 
one child' cause of tliis neart*r apj)r<»ach of ancient races to the 
tyjH* of structure of the lower animals, seems to lx* ‘that 
ancient niees stand sonn*wliat nearer in the long line of de- 
scent to their remote animal-like progenitors than do the 
modern races.’ X 

* Diirwin, ‘ \'nri«tion,' vol. is. /p. 2^4. thenrv of PHngt*n«’*<i8. 

t See aU»ve, p. 292, on DarwinX * ‘ Descout of Man,’ vol. i., p. 28. 
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tions in Europe into the state of the arts in the earlier Stone 
ag^e, lead clearly to the opinion that at a jn^rioii many 
thousands of years anterii>r to the historical, man was in a 
state of g^nnit barbarism and ij^m^ninee, exceeding; that of 
the most savugfe triln^s of nuHleni tinn s. He was i*vid**titly 
ignorant of metals, and of the arts <»f polishing stone im- 
plements and of making p<dti*ry. Sir John Imbl>ock, in 
discussing the ([Uestiim whether our anct*storH have Wnni 
degraih^d fnmi an original stock which was inore fiighly 
udvan(‘e<l in knowhslgc and <*ivilisat ion, or has risen from a 
lower stat**, <ibs(‘rvcs that no fragmtmt of pott<‘ry has ht^en 
fouml among tho nativfs of Australia, New Zealand, and 
the IVJyne.sian islands, any more than anci(od andufcctnral 
remains, in all wliirh n'spcct.s th#‘st» ru<h‘ lril>cs now living 
resemble the men <»f th** Pal*‘olithit‘ ug<\ When pottery, he 
says, is known at all, it is always abundant, and though easy 
tx) break, it is <liiVn‘ult to destroy. It is improhabl<‘ that so 
useful an art slnudil ever have been lost i>y any race of man. 
The iht‘oi‘v, therefore, that the savage ra(‘es have ht*en de- 
graded from a previous state of' eivllisation may i)e rej(‘eted. 
'Civilised nations !ot»g retain traces of their amuent i^ir- 
barism, whereas barbarous ones retain mv relies of a pr4*viiMis 
more mlvantuMl state. The stone knives used by the lOgyptian 
uml Jewish priests in religi^ms eeremonies, after metal was 
in use for s(*(*ular purposes, jKUut to an ant4*c(*«I<'ut p4U’iod 
wlnui such stom* imphummts wau’e in goiuTal use. They 
Would l‘>ng bt* r4*garde<l a.s sacred, uml t}nT<‘ vvoidd b4‘ a re- 
lui'tane** to use a new substama* in ladigdous et'nuuonieH/ ^ 

S<»m4i have wushcal to foun4l an arguimuit in favour fl»4« 
suj>^^rior mental 4‘ndowuHuit.s 4»f tin* 4airlieHt rsuM S 4)f mankind, 
by pointing out that the Sanserit, anil H4um‘ otle^rs of tht^ 
iu»»Ht ancbuit latyguag4*s <if Asia, are very artifieial in tlndr 
grammutif ul eonstnicti<m and rich in ahstra<'t t^uans. Unt 
the nati<»nH speaking t}n*s4? tongues vrill Is* r4*gard4‘d by i^very 
gtHilogist JUS modern wlaui (‘ompared t4> the im n ofthePah»o- 
lithic age. lu tracing back the c<njrse <if hnnian events we 

• Ou iht Eiirljr Cvadilioii uf Mau, .Sir John LubL^x“k. Jinti#»h Amyc. 1S07. 
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8bonl(I Brst find a |>eriod when scattered migrate>ry hordes 
in the hunter state were spreading over Asia, and then a still 
ante^rior pericsl when one small area of land (jK»ssibly now in 
great part Hubinergi^l in the Indian or Pacific oc^eans) con- 
tained the primitive stock from whi(*h they all have ramifitKl, 
and W'e may be sure, if the theory of tratiMinutation he true, 
that such progenitors of mankind hail a scantier vocabulary 
than the humblest savage known to us, Tliey would have 
beer* uniiblo to <‘ount as far as tlu‘ fingers on one hand, and 
would not hav(* inv»*nt4»d a singli^ term expressive of an 
ubstraei idea. WheJi the tirst emigrants wrre s[)rea4ling 
ov**r a wid(* eoniineiit, they w'ould separate into small com- 
inunitit*s, each of which w'ouhl gra<lually ac(piire a language 
of* its own, btit as often as one triln* IxH amc more powerful 
than its neighbours, it would C(mquer th<*m and absorb into 
thos<* wlu) W’ere not exterminated, impr)sing its lan- 
guage on the (!on(jU(n*ed, yet s<unetimes borrowing from them 
sonu* terms and expressions. It is found that th(‘ number of 
imlepeiuhmt language's spoken in a (‘ontinuous tract of land 
is great in proport i<m to tin* barbarism of the natives. 
Dominant trib(*s, as they multiply and advance in civilisa- 
Hon and power, spn*a(l a single language over a vast area. 
The (diimese for example, several thousand years befon* fuir 
film*, c(mslituting a third of the population of tin* globi*, 
imposed on ni*arly the whole of their empin* one language, 
though diverging, it is trm*, into many diali*(‘ts. How^ hmg 
a time it- requireil tor one rai*e thus to obtain supremacy 
over a large j)art of Asia, w’e know* not, I ait we may look 
forward to the time when the Europ<‘ans, especially the 
Anglo-Saxon race, will in like manner s}U't‘ad over still larger 
an*as, displacing Hu* alxuaginal trilH‘s of America, ami, like 
tht*ir predecessors the Ke<l Indians, spreading from the Arctic 
Region to Patagonia, so that one race and perhaps one lan- 
guage may eventually pivvail throughout the Neoarctic and 
ISeotropical provinces before alhnh*d to. 

It may seem t4> us almost incredible now that the progress 
of the arts has given us sueh powers of locomotion, such 
facilities of traversing continents and circumnavigating the 
globt'j to say nothing of exchanging ideas instantaneously 
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with the inhabitants of the remotest regions^ that nations, 
even after thej had adraueetl far in cirilisatioa, eoiild remain 
so isolated as we know them to have done. How the (Irveks, 
for example, in spite of tlunr extniordinary gtnuus and 
their spirit of commercial enterprise, could have continued 
so ignorant of the ^eogmphy i»f (unintries only a few hun- 
dred miles distant from the coasts of the MtHliterranean and 
Black Seas. The 8Uj><‘rior jwover which science confers is 
always increjtsing in u geouu^trical ratio, so that the displace- 
ment of the weaker by the more civilised nations is aceelenited 
to ail extent without paralltd in the history o( the past. 
Hence in future there will ht^ a greater blending of raees, 
and a constant tendency towards the ostahlishinent of one 
race and (»ne language throughout the glola*. It st^eins pn>- 
buhle that the divorgenre from a eumnion sto<‘k reached 
its climax, [diysicully and psychulogit ally, in tin* formation 
of the (.'iuuaisian ami N<‘gi\» raei‘s. If, thendore, wo c‘on- 
sider tliis diffonmtiation as amonntiiig only t*t one of raco, 
it seems to follow that two raticmal s)>o<*ios dos(‘onding fnmi 
a eomimm punmtago cannot cot‘xist on the gl»»l>e. In em- 
bracing this conclusion, howovor, we ar«* not ]»nMdud(*d from 
entertaining tln» oj>inion tliat tin* d**s<‘(*ndan1s of the same 
rational jirogtuiitors, if compared at two vt*ry <listun( times, 
may differ as mu(*h as might ontith* them t<» rank as distinot 
spt'cies. 

3/. (MiunJnj Oil Mioconr 

and liriiuj m aynaiui I ia rolationship of man to a Knp[)oMe<l 
antecedent Hpecu*s nearly allit*d in l><)dily structure, offers at 
present to the geologist a fi<*hl of somowhat unprofiiahle 
speculation, so long as tin* Plio(*eno and Post-Plioci'm* f(*r- 
mations of tropical Africa and India are still nnoxf>lon*d. 
We are only beginning, by aid of }»ah*ontoIogy, t*» traxa* 
the pjissage through a serins of gradational ff^rins from 
the living mammalia to those of the I^linoone and still 
older Miocene jieriods. But in this dnpartnn*nt of <»HteoIogy, 
the evidence already obtained since the time of Cuvier, in 
favour of transmutation, is certainly very striking. By no 
naturalist has its l>earing been inon* < learly i>ointed out than 
by M. Gaudry, who, under the influence of the great teachers 
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who preceded him, entered on the enquiry with a theoretical 
bioii directly opjmHed to the conelui»ionB which he now bo 
ably advocates, la his luminous memoir on the fosail bones 
found at Pik(‘rmi, near Mount rentelicus, fourteen miles 
east of Athens, he has {Miinted out the transition through 
many intermediate forinn of Upper Miocene HptHues to others 
of Pliocene and Pont- Pliocene date, shovving how each sac- 
cessive discovery lias enabled ns to bridge over many gaps 
which exist<‘d ojily twenty or thirty years ago. Having 
myself had the advantage of setdng the original s|>eciiiien8 
collected by this Zi‘alous geologist, and now in the museum 
of Paris, and having had the connecting links supplied by 
species obtained fnun other j>artH ot the world laid before me, 

I hav(* been able the more fully to ajiprec iate the force of 
tht‘ evidence appealed to in favour (d transmutatiuiu But 
all who study M. thiudry’s memoir may form an iiuhqiendent 
Opinion for tJiernselves, hy a glance at tin* genealogical tables 
of certain family types, in which the gradation of Miocene 
tlirough Pliocene and IVist-Pliocmie to living gent‘r,i and 
species is triiced. 

In tlie list of prob(>sci<lians, for example, we behold chro- 
nologically arrang<*d more than thiily distinct 8]>ecies, lx‘- 
ginning with the mastodons of the Miildh‘ Miocene period, 
found in France, and cuntinn(‘d through tliose ol tln^ Up]>i*r 
Miocene of Ava, the Sewalik Hills, l*ikcrmi, and Eppelsheim, 
to tlie IMiocmie f{>rms of Southern India, Italy, and England, 
where lH»th tin* mastodons and elepliants occur. Finally we 
are conducted to the l\»st* Plioceiu^ or quaternary species 
of Eurojie and America, till w’e end with the two existing 
elephants of India and Africa. iXgain of the rhinoceros 
family, besides the livt‘ living species, llfteeii extinct ones iire 
enumerated, and in addition to these, some generic forms of 
older or Eocene' date, belonging to the same great family. 
The fossil pedigree of the horsi* tribe is eijually instructive, 
traced from the Middle and Upper Miocene Hipparioii of 
France, Germany, Greece, and India, through the Pliocene 
and Post- Pliocene equine sjieeies ot‘ Euroj>e, India, and 
America, to the living horse and ass. But the twelve equine 
species referred by Leidy to seven genera detected in the 
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valley of the Niobrara in Pliocene and Post-Tertiary for- 
mations,* ore omitted from this table as not haviiij:^ Whi'h 
yet deserilKMl in sufficient detail, and they would certainly, if 
inserted in M. Gaiidry's table, help to fill up many u hiatus 
betwtx^^n the forms which helms recognised. The pig family, 
as well as some carnivora, such us the hyieua, have also fur- 
nishiHl ample materials iu illustnition i»f the same law of a 
gradual change of structure. 

Even the quadnuuuna are iH^giiining to all’ord pnwd's of 
the manner in which tlu‘ existing ujh'S have ramified fmm 
their extinct prototypes, althouj^h «»ur inturnmtit>n n^specting 
them, whether from Pikermi (U* eist‘when‘, has been liitlnrto 
almost exclusively derived frum extra-tnuucal latitmlcs, 
where tlu^re an* iu»w no living representatives td' the t»rder. 
Only foijrtt‘en sptries (»f the api* and monkey IHIk* have as 
yet In^en deb'cted in a lbs^il state, and t*iielj of tht*s*' has 
usually furnished hut a h*vv hones (»f its skeleton to tin* 
osteologist. Y(‘t tht‘y liave not l’ailt‘il to tlirow mneh light 
on tln‘ transniulat ion h>p<»thesis. Tln‘ Drvi^pitlnu us of the 
Jlloeene era of the south of Fram*e, tlumgh sp(*eifically 
distinet from any ape now e\i,^ling, e«uiu*.s so near to tin* 
living (ii])b(»n, or long-armed upf', ;is not to deserve, in Pro- 
fessor Owen’s opiiiioi), the sej»arate gf‘iieric rank assigiuHl to 
it by Larb‘t. All tin* other hs^.^iLs <d‘ Kurope and Asia liave 
an ailinity to living speeie> ur genera (d’ tin* Patarrhine 
division, and those of Anieriea, found in Bra/dlian caves, to 
the Platyrrhim*. 

As Uj th(* Mcsopithecus of Pikt*rmi, the skeleton ahnost 
complete, more so than that of any oth<*r fossil ap(‘ yi*t 
brought to light. It dith*rs g<*nerically from any living Indian 
form, not so much by presenting aiiv injv<*l h*atures in its 
structure as by e<»mbiiung characters vvhi< h now belong to 
two distinct Indian types. For, says M. (iainlry, one might 
say that the living Semnopilheci of India have ls>rr<>wed 
their skulls from this Mio(‘ein* type, vvliile the living Macaci 
have borrowed from it their limbs. ‘ In how different a 
light/ exclaims this eminent paleiuitologist, ‘dcHis the question 
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of the natnre of gpccies now present itself to us from that 
in which it app^jared only twenty years ago, before we had 
studies! the fossil remains of Greece and the allied forms of 
other countries ; how clearly do these fossil relics jK>int to the 
idea that species, gimera, families, ami orders now so distinct, 
have had <Jommon ancestors !’ — ‘ The more we advance and fill 
up the gaps, the more we fe«d persuaded that the remaining 
v<iidH exist rather in our knowledge riian in nature. A few 
blows of the piekaxe at the foot of the Pyrem^^s, of the 
Himalaya, of Mount Pent^diens in (free(’e, a tew diggings in 
tin* sandpits of Eppclshcim, or in the Mauvaiscs Tcrr**s of 
Nebraska, have rt‘vejiled to us the elos**st conm‘cting links 
betw(S*n forms whicli Ke<»med Iwfon* so widely set):ixiited I 
How rniK’h closer will th(‘H(‘ links lx* drawn wlnui paleon- 
tology shall liave escajMxl from its cradle! 

Many of the most cultivated literary critics, and some 
eminent maih(‘mati<'ians,have shown, in the discussions which 
hav(* arisen <ui the origin of species, an entire incapability 
of weighing and apf»reciating the (jvidem'e fur and against 
transmutation, and this chlctiy for two reasons: first, they 
have never Ihmui cjilled upon, as classifi<‘rrt in natural history, 
practically to decidi' whetlier certain forms, fossil or reetuxt, 
should rank as species or as mere varitdies — a point on which 
tht» most einintmt ztKdogists and botanists often disagree; 
secondly, they are (juit<‘ unconscious of the fragmentary 
nature of the ret'onl with which th*‘ gixdogist lias to ilejil.t 
To one who is not aware <»f the extnune imperftn tion of this 
record, the discovery of tuie or two missing links is a fact of 
small significaiux* ; but to tliose who are thoroughly imbued 
wdth a deep sense of tin' deft‘ctiveness of the andiives, each 
new form rescued from oblivion is an earnest of the former 
existence of Imndreds <»f specit's, the greater part of which 
are irreeovenibly lost. 

Progressive (/cre/opmeaf in the cerebral conformation of the 
veriehrata^ inclmUng man, — I liave already remarked when 
eoinbiiting the notion that man in his eoqioreal structure has 
arrived at a fixed and stationary condition, that we hare 

• Gaudiy, Animaux d»‘ Pikfrmi, 1866, p. 34. 
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no right to make such an assumption, until we hare acquiml 
a more definite idea of the numbtT of centuries which it 
toi>k for the most markeil of the human races to diverges in 
different directions, so far from a common ty]>e. The nite of 
change generally in the animal ami vegt^table kingdoms is 
slow and insensible, and naturalists have never yet witnessed 
the formation of any one of the wild races which they rt^gartl 
as mere geographical varieties. Tht‘y kiunv not how many 
thousand genemtions it may huvt' refjuireil to prtKlm*e such 
changes ; but we cannot infer in tlndr case, or in that of man, 
that the em of tlu‘ irninntability of species has arrived. If 
the organisation of man lias Iwsm inoditi»Ml in (‘omjiaratively 
UKslerii times, it is probal>ly, as before hinted, in his ccTehral 
develojummi that variation has lieen manifeKt<‘d. 

Liniueus de(*lar(‘d that he couM m>t <listingiush man 
gtmerically from tin* apt*, ami IVofcNsor Owen has spoken of 
the " all-perva^ling siinilittidt* of structiin* t‘vt»ry tootli, evt*ry 
bone, lM,‘iiig strictly lu>mologuus * ~ yet tlie samegr«‘at anato- 
mist cofisid(*rs inairs superior <M*rebral d<‘Vi‘l<q)im*iit as en- 
titling him to 1 h* {>la<‘ed in a suh class apart from all the 
(dher mammalia. He lia< proposed a new (*hissifM*atiou of 
the highest division nf the vert4*hrata with reference to the 
characters of their hriiin, and its gn*ater or less n‘scinbhinci*, 

in volume and structure, to tliat f»f man. Some have ob- 

% 

j<^de<l, not perhaps without reason, that every Hn(*li atfem[*t 
to (dassify the animate creation by reference to a single 
organ, or one set of chanieO^rs, has failed, ami tlnit in onler 
to obtain a natural Hy.st4*m of arrangement, musl duly 
consider the i‘ombined claims of as large a j>art as possible of 
the whole organisation. Nevertlieless the exl4*nt to which 
cerebral conformation, taken by itself, has enabled Professor 
Owen to j)lace the genera ami orders of mammalia in an 
ascemding scale, shows how jiredominant is the imjwu’hince of 
the bniin, and the intimate* connection of this myst^^riouH 
organ with mental power. We see the monot remeg (tlie 
Echidna and dnek-moh*) take the lowest pla4^e in the scale, 
followed by the marsupials, all having brains the most 
dissimilar in capacity and form from that of man ; while the 
quadrumana take the highest place meagured by the same 
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standard, tbe family to which the chimpanzee and gorilla 
belong being at the head of the long list of tiibulated genera 
and ord<?rs. It will also Ini obsiTvtMl that the bata, instead of 
rnaintiiiuiiig the leading position among the ‘ Primates ’ which 
they i^ecupiiMl in the Linmean classification, are assigned to a 
diffenoit and inferi<n* sub-class, far more in accordance wdth 
their relative intelligence. 

If w(‘ go still farther ami compare tin* mammalia with the 
fish, <»r the lowi'ht class of the vcrtehnita, we find a con- 
tinuarne of flu* sanitMlescemling scaltMn a(‘cordarice with a 
diminution in the v»)luim' of brain, as well as in a h*sseiied 
concentration of th«‘ nrivous system in one part of the 
animal ; for tho farther we re<;ede from the human tyjn*, the 
smaller is tlic jjroportionab* (juantity and weight of the 
])rain as compared to the spinal marrow\ It is true that in 
att4*mpting to apply tliese rules in detail the anatomist is 
often at fault, lsM*ause he finds that in any given group of 
animals the largt*r species hav4‘ j>roportionately smaller 
brains, or, in other words, th(* mass of the brain does not 
increase in thesaim* ratio as the gtmeral bulk of the animal. 
8til] the general propt>sition before laid down holds good, 
that the degree* of intelligence and mental power enjoyeal l>y 
the interior animals int'reases with the inere'ast* »»f their 
cerebral ea[»acity, and with 1 lu* reM*niblance in tlie stnu’ture 

their bruin to that i>f man. 

If vve take the Hott(‘ufot as the least advanced vurit‘ty of 
the negi'o type*, wi* timl not only tin* volume of the brain to 
be far bt‘low tliat of the average* of the Europ(*an, but tlmt 
the twe> he*misphe*rt‘s are* nnere* synnm*trieal, and that in this 
and every peculiarity in which it deviate*s freuii the* raucasiau 
standard, it iippnuie'lu-s nearer in character to the Hiiiiiaii 
brain. The tlie*ory there*fore e»f progressive development 
and transmutation wouhl leael us to antieipate that the 
human skull eTthe PahH>lithie* pt*riod wnmld }>rove to be me>re 
pithecoid than tlie cnuiium e>f any living nice. Our data are 
as yet te.K> scanty to allow of our drawing safe conclusions 
from the fossil remains of the era in question, for the Nean- 
derthal skull may bo an exceptional variety, us may some other 
remains of a somewhat ape-like character, lately brought to 
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light hy M. Dupont a dojK^it containing the relic# of 
extinct mammalia in the Belgian cave#. It may also he #aiti 
that there is no reason why the Paleolithic craninm should 
he much if at all inferior to that of an Australian, for the 
state of the arts in the Paleolithit‘ pt*ri<Hl accords well with 
Umt phas<' of advancement whieh the Austnilian and some 
other savage trilvs had reached when they first la cHvmo 
known to Eurojxnins. 

In the ninth chaj)t4‘r of tlie first volume, a brief suininary 
was given of the evi<lence in favour of tlie su(‘e(‘ssive up- 
jH^arance in chronological <u-der of fish, n^pfile, hinl and 
mammal, and lastly uiiemg tli«* nuniimalia, i\w Ci»ming in 
of tliose anthro|K»inorjdious sp<'ci(*s whicli most resemble man 
in structun*. If we then regard the advent of man as tin* 
last and culminating ])oint attained in tin's c<»nfimn»ns s<»ries 
of tlevelopinents, w«* may wtdl imagine that, during the tnm- 
sition from the (juadrumanons to the human organisation, 
the hniin was that part whieh nmhnavtmt tin* (diief nnslith^a- 
tiom And when its growth and im))nivement had onee (Con- 
ferred on man a deeidtsl superiority ov(n* the hrntes, it \vould 
(*ontiiiue to lx* the organ whieh would go oti improving, so 
as to givi* one race an advantag<‘ ov«*r oth(*rs in the slrtjggle 
for Hie. 

Ev(*n if tlu* pal eontol(»gist lia<l olCained fossil ('rania «d an 
age immediately antec*Mhmt to the Pal(*olit hit*, it might lx* 
ditli(*ult for him to derive from tli**m a kn(»whMlge of tin* Hne<’(*s- 
siv(* st(*[»s made in an asc(*nding seah*, if, a^ K(»m<* physiologists 
susiK*ct, the (juality of the brain lias oft4*ii more to (h» than 
its (piuntity with int(*lleetual su;x*riority. Hut although size 
alone may lx* no safe (*riterion of n‘lativ(* nH*ntal pow(*r, it is 
und(*niahle that tin* skulls id’ a hundred individuals of trans- 
(•(‘luhuit ability would ♦*xeeed in their av(*rag<‘ dim«*nsions 
the skulls of an equal nuinlK*r of j>(*rs(ms of inferior nn*nUil 
p<»v\’(?r. \Vln*ther tin* brain, lik<* any other (agan, gains 
strength by (‘xercise, and whetln*r an imi»rov(*meiit thus 
acquinxl in the intellectual faculti(*8 may lie lnind(*d down 
to the offspring by inlieritance, are still matters of controversy. 
But no one is disjKised bi dispute that, if soim* m(Klification 
of an organ, or instinct, lx* produced by what is called 
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* spontanaotis variation,’ there is a deirided propensity in the 
new stmcture or attribute to |>erpetuate itself by inheritance, 
as in the case of the six-fingered variety of man, before 
mentioned (p. 481), or the stunted legs of the Ancon sheep 
(p. HU). 

If, Ihereftire, it be part of the plan of Naturt^ that living 
btdngs shouhl occasionally give birth to varieties in some 
slight degree more perfect in the Kp4 cialisation of their parts 
and organs, or in the js^rfection of an organ, instinct, or mental 
faxndty, than had ls»eti enjoyed by any of tlndr pHnltn-essors, 
Natural Si>lection will ensure the eventual success of such 
individuals in the struggle for life. Wlien Mr. Darwin says 
that he does not believe in a law of ne(N‘ssary (hn^elopnient, 
he TueauH that siinple and unimproved structur(*s may some- 
times he Ix^st for nijiiple <*ondition.s of life, and tliat <*Vi'n 

a degradation instead of an a<{vanc’e in structure may occasion- 
ally Ih* a<lvantageouH. Nev<u*theless, in the long run, tln*re 
will be a t^mdeney, in the higher and mon* perfect organisms, 
to survive and multiply, not at the <‘xpense of the l(»vvtu\with 
most wliom they will m‘Vt‘r come into competition, but at 
the t*xpenHe of thost‘ whicli are most nearly allied to them. 
Tin* repinited failure of {mrti<*ular varieties having organs and 
attril)utt‘s somewhat superior to those of any of tluur pro- 
giujitors, by no means implies that the final predominance 
of such organisms is h‘ft to chance. It 8uffi(*es that there 
should he a power in Natun‘, eapable of giving rise t<> 
individuals in axlvamv of all wiiicli have pri*c<Mled them, ami 
it then becomes simply a ipiestion of time how 8(»un the 
more improvtsl varudies will prevail. Their final success is 
certain, tliough many adverse circumstaiuH*s may retard the 
rate of pn>gress. 

Suppose a human infant endowe<l with intellectual ca[>ucity 
supt'rior to that of any one pn'viously born into the world ; it 
is as liable to be cut ofi' in ehildhood as one less gifted, but 
it has also an equal idianee of growing up, and if it attains 
maturity it will promote the advaneemeiit of the tribe to which 
it belongs, inventing perhaps some warlike weapon in* better 
laws iuid institutions, and there will be a great probability 
of some of tlie cliildren of such an individual inheriting an 
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amotint of talent above tbe average of their general ion* The 
more civilisation aJvanees the less will mere bodily strength 
and acuteness of the seiises confer social suj>eriority* liut 
still, as Darwin says* thert» is no fixinl and necessary law of 
prt>grt*ss* The institutions of a country may bt* so framed 
that individuals jK>ssessing luoilemte or eviui inferior abilities 
may have the Ix^st chance of surviving. Thus the Holy In- 
quisition in Spain may for centuries eurefully select from the 
thinking {>art of the [jopulatiojj all men of genius, all wluulare 
to question received errors ami who luive the inoml courage 
to express their d«»uhts, and may doom (h(*m hy tluMmands t<» 
destruction, so as efle(*tually to lower the general standard 
of intelligejiee. But smh i‘xct*ptional institutions will not 
arrest the tanvard marcli of the human ra<'e. They will only 
depress om* nation, causing it de(‘line in kmevKslgi*, janver, 
wealth, population, and politi<*a! iniluetu‘e, ami prepare for 
the day when it will In* conqiienHl by s»»m*» <»tlu‘r pi*ople in 
which fre*‘r scope has U-en oiveti to intell»*ctual progress. 

(PhjfctfOKii in I htru'Ui ff Sutural Sr/trinni, -The 

Duke of Argyll, in his work on the * Keign of faiw ’ (1K07), 
has made st»ine valuai>Ie criticisms on Mr. Itarwin’s theory 
c»f Natural Stdt‘cti<*n. After observing that we know notliing 
of tile natural forcr> hy whidi new' lorms of life an* (*alled 
into U'ing, he says tliat if there were eviihuuM* that the tuwv 
could lx‘ devt*lope<l from tin* old, he ranm»t see wliy there 
should Is* any reluctame to admit the fa<*t.* But h<‘ dimies 
that sufficimit evideiui* in sujqiort of such a theory has yet 
b«*en adduced. The iutr<Hluction, he admits, of new' sjMHues 
‘to take the pla<e of those which have passed away, is a 
work whicli has hetui not only so often hut so eoiitinuoUHly 
repeated that it does suggt-st the* idea of having been brought 
al>iut through the instrumentality of some natural proecss/f 
This process, or ‘ the a^laptation of forces which can coiupaBs 
the required moditicatiims in animal structure in exact pro- 
portion to the med of them, is in the nature of <‘n*ation.’ 
But Mr. Darw in, he says, does not j>rete*iid to explain how 
new forms first ap[)ear, but only bow when they liave ap- 
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peared they acquire a preference over others. He also 
reminds m that Mr. Darwin frankly confesses that our 
ignorance of the laws of variation is profound : yet, says the 
Duke, he setuns soirudimes to forget this and to speak of 
Natural S^deetii)n as if it could aceount for the origin of 
«p(»cieH, whereas, ‘according to his own definition, it can do 
nothing except with the materials presented to its hands. 
It cannot m?lect ex<H*pt among things open to selection. It 
can originate^ nothing; it <:an only pick out and chcK>se 
among the things which an* originahMl hy some other law.’* 
To spaik therefor* of Natural Selection as ‘producing’ 
certain nnslifications of stnudure or new organs, and its 
‘adapting’ them, is to ascribe to it results wlii(di it <*un- 
n<d liring about, and Mhc cause of Nvhi(*h we cannot even 
guess at.’ t 

To me it appears tint thesr criticisms are fairly applicable 
to thosi* passages in Mr. Darwin's ‘Origin <»f Speci«*s/ in 
wliich Natural Sclectiiui is spoken of as capabh* of bringing 
alK>ut any amount of change in the organs of an animal 
provided a s(*ries of minnie transitional steps can lx* pointed 
out by which the transmutation may havt* been ♦‘Reeled. 
Thus, for example, if soun* one of* tlie invertebrate animals 
has a nn*mbrane or tissue without a single* nerve, yet stuisi- 
tive to light, while anothm* creatun* such as an eagle is 
furnislit'd with a ]>erfcet o\v in whicli tlnus* is an apjairatus 
for concentrating the luminous rays, and for refracting 
]>ictures of external objects with optic nervt‘s to convey 
these images to the brain, it is suggesl<‘d that w^* ma)’ 
understand how this perfect organ may liavi» been ‘formed 
by Natural Selection’ if we can oidy iind in Nature a series 
of animals which have organs of vision t*xhihiting all the 
intermedia^* gradi's of structure between tlu‘ two extreme 
forms above mentioiuHl. But in reality it cannot be said 
that we obtain any insight into the nature of the forces 
by which a higher grade of organisation or instinct is evolved 
out of a lower one by becoming ucipiainted with a series of 
gradational forms or states, each having a very close affinity 


K4f?ign of Law, p. 230. 


Ibid, p 254. 
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to the other* Even if tve couhl dijsoover evideiuv 

that every mcKlification Ixnweeu a nuw jiovvt r of aeiiKutitm 
like that of a and tht* intollipMiee of an eh^|»hant 

had lit*en represented by every interuiediate de*^ret‘ ef instinct 
and capacity, and that iHMiijrs endowt^l with faculties more 
aiul more perfect had sin'ceeded each «*th»‘r in <'hri>nt>|ojj^ical 
urtler acconlinij to their ndativt* })erfeetion, Iikt‘ the siu’cessivt^ 
in tile devidopinent of the embryo from a Hiin[>h* pTin- 
ct‘ll to the infant inaminifer, still the mystery of cnaition 
Would lx* as ufreat, and as much Inooml tin* <l<unain of 
scit*n<‘(‘, as ever. It is when tlcTe is a chant^i* from an 
inferior heini»‘ to one of su]M‘rior ^‘rade, from a humbler 
(irj'anism to oih‘ (*mlo\ved with new ami mi»re exalted attri- 
butes, that wt‘ are made to feol that, to t'xplaiti t he diiheult y, 
we must obtain s<un4‘ kmovleili^e of t hose laws (»f variation of 
which Mr. Darwin oratits th.it wa* ar»* at j>resent profoundly 
i«jrn(»rant. 

Mr. Mivart in a more laccnt work ( I "^7 1 t on the ' i lenesis of 
S[)eei4*s/ while la- is in favour ot* tlie t!i*‘ory of Involution as 
distinct lV«mi Sp4‘cial iha^atiou, has made of his 

(extensive knowlrd^ro »»f Natural History ami t ’oiiiparat iv** 
Anatomy in ad<lu<‘intx ca^4‘s of struetun*, sm*h as the bah‘en 
of the whahnthe niaunnaiy t^htnds <»f t lo' ma minalia, and the 
eves ami auditenw (*ri^ans of tie* c<*jdi;Llopoda, wliich to 

him to point to a limit of tie* pow4*r of Natural Sel^M-tion 
ami the iuterv<‘ntion <d soim* unktiown hiw or laws of still 
hi;^her {L^imerality. To all thes4‘ Mr. Darwin has severally 
rc]>lied at some hmoth in the sixth edition of tin* ‘ t frij^in of 
8{x,*cies ’ (iS72),aml I cannot do Ixdt^*!' tlmn nderthe readier 
to that work. ilut as the indej>4*mh*iit d<‘V4-lopincnt of a 
jH*rfect oyo in the cej)lialopoda ami V4*rtebrata was the difh- 
ctilty which made most iin{»r(*H.sion (ui nn* tm first n*adin^.j 
the Mb*nesis of Species,’ I will allmh* to it more cspe<nally, 
‘In the cuttle ftsli,’ says Mr. Mivart, ‘we find an eye* even 
more conijdeti*ly constructed on the v<*rtohrabf tvjs* than is 
the ear. Sclerotic, retina, choroi<l, vitn*ous liumour, lem*, 
aqueous huimair, all are present. Tin* ('orrespondence is 
wonderfully complete, and there can ljar«ily lx* any IJCHiiation 
in saying that, for such an exact, prolonged, and correlated 
VOL. II. K K 
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series of Hiuiilar structures to have been brought about iu 
two indei)enJt?ut instances by merely indefinite and minute 
accidental variations, is an improbability which amounte 
practically to impossibility/ Yet these organs in the two 
tyjKrs must have bifeu dinelop^^d in entire and complete 
indeja^ndence one of the other, for it wcmld W iinjiossible to 
find a common ancestor witliout going back to some very sim- 
ple form not yet providcMl with even tlje rudiments of vision. 
To this Mr. Darwin rejili<‘s,* that there is hardly an}' real 
reseinbhince between the eyes of the <*uttle-lish and verte- 
brates — the retina in the eophalopod Inung tofully different, 
with ail actual inviTsion of tin* fleim'ntal parts, and w'itli a 
large ncrv(»us ganglion im luded within tin* membnines <d 
the eye. At the same tiino In* allows tliat l>oth are formed 
of transparent tissue and furnished witli a lens for throwing 
an image into a tlurlouied chamber: this, liowev«*r, lie eon- 
tends is ac(M)iinted for bv tin* iiecessiiry eonditions of the 
format i<in of any organ id' vision, and In* eitt*s Hensen as 
having shown in a n*cent memoir cm the rt'phalopod that the 
fundamental stnn'ture in that tyjM* of animal is so distinct 
that it is not a little difficult to d»‘cide Inov far t*ven tin* same 
terms ought to lx* employed in describing the analogous 
points of structure tin* eyt*s of tin* (^‘plialopoda and 
vert/idmita. 

For my own part, whilt* allowing that Mr. Mivaii may 
havi* ov<*rstated the re^emblanee or identity <d' the organs of 
tin* two classes. It still appears to me that the objeeti<*n.s al- 
Imled to by nn* in the loth e<lition,t when (‘omnn‘nting (m 
the arguments brought forward iu tin* ‘ lb*igii <d* Law/ are 
strengthened by Mr. Darwii/s admission that certain eom- 
luon conditions in the external world havt* caused the 
cephalopcHlu U> acquin* a transparent tissue, a lens, and a 
darkened chamlKT stiictly aiial(‘goiis to those in the eye 
of the vertebrate ivitliout derivation by' inheritance from a 
common anet^stor. vSome geologists, when speculating on 
the co-existence I of vertebrates, insects, and eephalopods 

* * Ori|^n of SjHX'ie#,' 6th etl., I*. * Vi ] I. chf^p. ix. ; and ‘ Student’s 

EUinentt,’ p. 447. 

t See p. 496, pTe«eiit volaiue. 
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in the Silurian strata, the olih^t of which the fuuim ran Im* 
saiil to be extensively known to us^ have dwelt on the small 
approach which we seem to have imule in those ancient 
rocks to the Ix^g^inningf of orpinio life, assmnini; it to b^‘ 
necessary to supjiose that there lias Uvn a n'pilur ^mdatiun 
from the more simple to the most hij^hly differtMitiiited tyjw*. 
But the difficulty of so early a co-existence of the tiiree 
types no lonp^r exists when we admit that the hi^liest parts 
of tlnur orpanisation, which discliarp' the siiiui‘ functional 
duties in all three, havt* been independently su})erinduct‘d by 
the action of outward c(unliti<»ns, and tluit we need not tlerive 
them by inlieritaiu'e from soim* common starlino.pojnt. 

Neither Mr. Mivart nor the T>uke of Arpvll, howevtu*, have 
by any means art^ued, like tie* majority <*f Mr. narwin’s 
op]H)nents, as if nothin^ had hoen ^Mimsl b\ the tlhs>rv of 
Natural Selection, merely l>eeai;Ne tliis [H’inci|dc may !»avt» 
lia<l fuiK’tion.s assigned in it thr higher than it can possibly 

disiduirp*. The real (juestion at issue that on whieli tlu* 

‘ Ori^'in (»f S})eeies ' has thnovn so mucli li^dit— is the same 
as that diseusHed l»y us in the la>t ten < hapt<‘rs. It is not 
whether we i‘«an explain the ereatioii of speines, Imt \vln‘ther 
sjM'cies luivt^ been introduei*d into the worM one aftiU* the 
other, in tlie form of new varietii-s of an1i*eedent orpinisms 
and in the ivay of ordinary pmeration, or have l>e‘en railed 
into Ixnni^by some other ap-in’v, such us the direet intervtni- 
tion of the Fir?^t Cause. Was laimarck rii^dit, asKiunin^ 
proon'ssiv(‘ devehtpineut to be true, in supposing tlmt the 
changes of the organic wa«rl<l may ha\e been < tfecdod l)y tin* 
gradual and insensible modifieati<»n of older pn*-exiHting 
forms':^ Mr. Darwin, without iibsoluUdy pn>viiig this, haa 
made it aj)pear in the highest degree pndiuble, by an appeal 
to many distinct and iinb'pendent classes (*f [>lienom»uia in 
iiatunil liistory and geology, but principally by showing the 
manner in which a multitude of n(*wand <*omp(ding varieties 
are always mmle to survive in the strugt,de for life. The 
tenor of his reasoning is not to be gainsaid by affirming that 
the causes or j>roces8es which bring about the improvement 
or differentiation of organs, and the general advance of the 
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or^anir worl<1 from th** simpler to tho wore complex, remain 
a« inacmtable to ns a« ever. 

When first the flo<‘triiie of the orit,nn of sjx^cies by tranji^ 
mutation wuh proposcMl, it was objt‘cte<l that gueh a theory 
«ubstitub*<l a material self-iMljnstin;^ maehinery fora Stipreme 
(Veative liitelliir4*nre. But tlie more tie* i<b*a of a slf»w and 
inwensible change from lower io hi^hor ofiraniHUis, broiij^dit 
about in tie* rours** of millioiiH of ^‘nr rations aceordino* to 
a {>rf‘eofH*(*!V(*d {»lan, has U^come familiar to mon’s minds, the 
inorr eoiiH/u*# us tle y have In-come lliai tie* amount of power, 
wisdom, dcsii^n, or fon t hou;rht, required for such a ;rni“ 
dual evolution of life, is as ^reat as that whieli is impli(*d 
l>v a multitude of H(*j>anit4*, npecial, and minreidotis acts of 
cr(*ation. 

A im»re s(*rious eause of disquiet tind alarm arises out of 
th<‘ KUj)poS(‘<l hearing of this sann* do<‘trine on the orio^in of 
juan and his j)la<*(‘ iji nature. It is < learly st*en that there 
is such a close iiftinity, sm-h an identity in all esst*iitial points, 
in our corporeal stnndure and in many of our instincts 
ami passi<»ns, with those of tlie lower animals- -that man is so 
<'omplet«‘ly suhjci’ted to the same p*neral laws of repnaluc- 
tl(»n. inerease, ^^rowth. disease, and death, -that if pne^ia^ssive 
development, spontaneous variation, and natural selection 
have for itnlli<ms of years directed tlie ehanL,o‘s of the rest of 
tie* tU’uranie world, we (‘annot <*xjjeet to find that the human 
race has he(*n ♦‘Xempted from the same eontiniious j>rot*ess ot 
evolution, Sueh a near l»ou<l of i*onueetion In-tween man 
and the nest of thu animate en‘ation is re^ardejl by inanv as 
dero4:^utt)rv to our di<^niity. It eertaiidy e:iv(*s a rude shock to 
many traditional beliefs, ami disjiels some jioetie illusions re- 
specting an ideal ^^enealoiry which scarcely " apjieared less than 
archanwl ruined.’ But ne havt* already had to exchaime 
the pleasing conceptions indulged in by potds and tlieolog^ians 
as to the liipli position in the scale of held by our 

early pixipenitors, fvr more humble and lowly W^inninj^s, 
the joint labom'S of the p*olo^ist and andia'ologist having 
left us in no doubt of the ignorance and barbarism of Paleo- 
litliio Man.* 

• For rcin.vrk>« on PaU-olithio Man see cloi»o of Chapt<*r XLVIL 
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We are sonietiuied tempted to ask whether the time will 
ever arrive, when science shall have obtaimnl such an asotMi- 
dency in the tHliicutiun of the millions, that it will l>e jMKHsible 
to welcome new truths, instead of always looking ujam them 
with fear and tlisquiet, and to hail every important victory 
gained over ern»r, instead of resisting the new cligeovery, long 
after the evidem^e in its favour is conclusive. The motion of 
our planet round the sun, tht‘ sliape ‘»f the earth, tlie existence 
of tlie untijMxles, the vast anti(|uity of our gloU*, the <listinet 
usseinhlages of spt‘<Ui‘N of animals and plants by wlueli it 
was successively inhabited, an<l lastly the iintit|uity and bar- 
barism of l*rinu*val Man, all these gonentlisat ions, when first 
announceil, havr Ik^cu a source id* anxiidy ami unhappiness. 
Tin* futun^ m>w opiuiing btdbn* us lu^gins alromly to ri'Veal 
new lioetrinos, if j»ossible im*ro thiin i‘Vi*r out «d* harmony 
with cheri^lnMl associations id* tlio\iulit. It is tluu'cfore d«*- 
sirablc, whiUi we contract oursi-lvcs with the rmlc ami su|H*r- 
stitious sava;,''cs who j>nH*o<l»‘«l ns, U* rotnember, as cult ivators 
of science, that t Ic* .‘»unjiarativ»* ]»hmo which w** ha.v«* 

n*acbod in the ^lalc of i*fnio has In en gaimMl stt‘p by sti*p 
by a c« uiscicnt ions ^ludy id natural phenomena, ami by 
fear!e>Nly leaching tlie doctrim's to wbieb they p<*int. It is 
by faithfully Wiuubing eviihana*, ^^i^houl regard ti» pri'«*on- 
c *ived notions, by earm-'tl) and pali»’ntly s»*ari‘bing fi>r what 
is trm\ md what we \\i>h to In* truo, that wt* have attained 
that ilignity, uhieli we may in \ain ho[M* to claim llu'ongh tlte 
rank of an ideal ]»arentagi*. 
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CHAI’TER XLIV. 

KNf'U)SINfi OF POS‘ilI,K 1\ FKAT, HLOWX SAND, AND VOLCANIC 

K.IECT)ONS. 

<,y Tills Mt ItJW'r IMHKIlMNO OF OHOA.Mt ICirMAlN** IN l>Kf<>SlTK 0 >f 
KMKinJKh I*ANI» OHOWIH OK I'KAt — HfTK t>K AN<1KNT |OKI>TA IN HI HOl'K 
NoXN 0(4lI‘lKI» IIV lOJkt lUM) lUMNOKH I'UK-'KH \ A I lo N «0 ANIMAL HI H- 
hTANOKh J,H t‘>.AI MIUIN'O Ol ul AI>U! LKIih }ttl{sTiN<} oi THK HoLWAY 
MOHH IMMKJiniNO or OKOANIC HODIK** AND HI MW RKMAIV*. IN 111.01% .V 
HAM> OHKAT IIIHMAI. HWAMf Mo\TNO HANI>s OI AIUK AN OKHMUlM HtillKD 
IKMI'IH <H ll’SAMIU I IS r.<.%n IAU(AH»*I.H IS THK “ANO'^ i>r THR 

lU '^KIfr >'!■ «- AM> uVUiWlin MM> rv HANJ>Hot»2>H IMIIKII* 

I»IN'(< OK OKOASU’ AMI oTIIKU lil MAIN^ IN luUANIC KUtMAllOSH ON TUR 
lAMl. 

Tiik si‘con(l bnuirli of our <*ti(juir}% resport in^ eliauges of 
the world, relates to tie* j)roei*sses by which the 

remains of animals ami jilants lx‘come fossil, or are buried in 
the rarlli by natural euusrs. M. Constant Prevost divided 
tlie etteets of jj^eolo^neal causes into two ^^reat classes: thosi* 
produced during the submersion of land Ixau^ath the \vaters, 
and those which take plact‘ after its emersion. I shall con- 
sider, first, in what manner animal and veo^etable remains 
bivome included and preserved in deposits on enierj^fed land, 
or that part of the surface which is not pennnnf tiUij covered 
by waft^r, whether of lakes or seas ; secondly, the manner in 
which organic remains lx‘coine imlH*dded in deiM>sits of lakes 
and seas. 

Under the first division, 1 shall treat of the following 
topics: — Ist, the growth of peat, and the preservation of 
vt‘getal)le and animal remains therein ; 2ndly, the burying of 
organic remains in blown saiul ; drdly, of the same in the 
ejections and alluviums of volcanos ; 4thly, in alluviums 
generally, and in the ruins of landslips ; othly, in the mud 
and stalagmite of caves and fissures. 
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Growth of pmt^ ami preservation of ve^etahh and animal 
ren$ains therein. — The generation of j>eat, when not com- 
pleielj under water^ is confined to inoi«t situations, where 
the temperature is low. It may consist of any of the 
numerous plants which are capable of grooving in such 
eta t urns ; but a 8{>ecies of moss (Sphatjunm) ctuistitutes a 
considerable part of the i>eat fimiul in marshes of the north 
of EiirojH? ; this plant having the property of throwing up 
uew slioots in its u{>per part, while its lower extremities 
ire decaying.* Reeds, rushes, and other aquatic plants 
may usually be traced in janit ; and their organisation is 
cft4*n so entire tliat there is no difticulty in discriminating 
tile distinct s|SK*icft. 

In general, says Sir H. Davy, one hundred parts (»f dry 
peat contain from sixty to niurty-nine parts «»f matter 
destructible by lire ; ami the residuum consists of tMirths 
usually of the saim^ kiml as the substratum of (day, marl, 
gravad, or r«>ck, on \vhi< h they an* found, together witli 
<>xidc of iroii. ‘Tin* pt'at of tlio cdmlk countic-s of England/ 
obH(*rves tin* same writer, ‘ c<)iitains nimdi gypsum : hut f 
have found very litth* in any speciim*ns from Irt*land or 
Scotland, and in g(‘m*rul tlmse js'ats (*ontaiu very little 
saline malter.*t From tin* rescan dies of Dr. Mac( 'ullo<‘h, it 
apiH*ar« that peat is iuteriJie<liati* b(‘tw(*en simple vegeiat>h* 
inutb'r and lignite.;^ 

Peat is s<»metimes formed on a d(M‘livity in mountainous 
regions, where there i.s much imdsture; but in su(di silua- 
tions it rarely, it ever, (*X(‘t*(*dH four f»‘**t in thi(*kness. In 
lx)gs, and in low grounds into which alluvial peat is drift<‘d, 
it is found forty feet thit'k ami upwards; but in such 
aiS(*8 it generally owes one half of its volume to tin* water 
ivluch it contiiins. It has seldfun lM*(*n discoven*d within 
the tropics, although Mr. Wallace informs nn* tliat there is 
often a great <lepth of soft |M»aty matter in tin* swampy 
forests of Borneo ; and it rarely occurs in the valleys, even 
in the south of France and Hpain. It alK»unds mon* and 
more, in projK)rtion as we advance tkrthfT from the e<juator, 

* For H of pliintm whirh W^«t4‘nj voI. i. p. VJif. 

form jit'At, Kev. I)r. Keunie » Eswiyn lrii*h lOUxjriH, p. ‘2<se 

on Peat, p. 171 i Pr. MticCulirjch'K J o! Ui:»Aogy, rot ii. p. 353. 
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anfl br*com<^ not only more frequent but more nijftammable 
in northern IntituJeB.^ 

The »arne phenomenon is repeated in the southern hemi- 
sphere, No is found in limzil, nor OTen in the swampy 
parts of tin* eountry drained hy the I>a Plata on the east 
side of South Ann‘riea, or in tho iftland of Chihx* on the 
west ; y»*t when we* n*arh tin* h'ith of latitude and 

examine the ('honos Arrhi[>nlfi^f) or the Falkland Islands, 
and Tioira <lel Fin*^o), wo me**t with an abundant j^rowth of 
this Hubstunei*. Almost all jdants eontribut** ln*re by their 
deeay to the prod»H‘ti<»n of peat, ev**n tlie j^^ni^^ses ; but it is 
u sin^?ilar fat t, Ha\H Mr. I)arwin, as <*ontr:isted with what 
fM*enrs in Furope, that no kind of jiumh 4*nters into the <‘om- 
po.sitiim of the South Anieri<-an peat, wdiieh is f<»rmed bv 
nrany plants, but ehietly by ihut called by Pruwn Ai^tiKm 
pamjf/n.t 

I learnt from Dr. Fonhhamnier, in that watt‘r 

eharj^ed with va-t^elalde matt**!* in stdution (bM*s md throw 
d(»wn a tleposit (d’ peat in luuntries wlnTe the mean 
temp**riit ui'i* of tin* v« ar is abioe bb* or -t F Falirenheit, 
Frost causi*s the )»re(*ipitation <d‘ such peaty matter, but in 
warm climates tin* attraetiou of the earbon tor tin* oxy<^t*n 
of the air me‘‘t!a nically mixe<l witli the water incri*as4*H 
with tin* iin'Cea vinj^r t*‘inprrature, and tin* diss(ilvt*<l v**|^etabi4* 
matti'r or humic acid (wbicli is oriranic matter in a prv>- 
^ri*ssiv«‘ stat*' of iloeompohition ) eonvert***! into (*ar- 

bonic’ arid, rises and is absorls d int<» tin* atmosphert*, and 
thus disappt'urs. 

of fiHrhtri r vt rt A hif pr<r/. '1 ln*re is a vast ext<*nt 
of surface in Funjpe i‘ovt*red with peat, vvliich, in In*land, is 
said to s[>read over a tenth ot tin* whoK* island. One of the 
mosses on the Shaiimm is describetl as bein^Oifty miles long*, 
by two or thrt*t' broa*l ; and tht* j^reat marsh of Montoire, 
iu‘ar the mouth of the Loire, is inentioued by Blavier, as 
being more than fifty leugm*s in circumferenc<*. According 
to Reiinit*, many of these iiucsses id' the north of FiUroi>e 
occupy the place of forests of pine and oak, which have, 

• Kcv. I>r. R«‘nnir (»n Vwii, p, 

t Darwin's Journal, p. 349 , 2ud ed. p. 287. 
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many of them, within the hifttiirioal enu Such 

ehauj^^e:* art* bnMij^ht alxnit by the fall of trees and tlie 
staj^'iiatiun of water, eauik‘d by their trunks and bmnches 
obstrueting the free dniinu^e of the atinosj»herie wtiters, uinl 
oivin|; rise to a niarnh. In a warm elimate, stu b derayt <1 
timU^r would iiumediatoly la* nuiuwed by insects, <»r by 
putrofactiou ; but, in the cold temperature now prevailing 
in our lutituden, niany t‘xainples are recui^bal (d’ inurshcs 
[iroduetnl in this manner. Thus, in Mur forest, in AU'r- 
<leensliire, lur^e trunks »»f Scoteh lir, whieh luul fallen from 
ajie and <leeay, are said to havo Ina ii soon immtiriHl in jw‘at, 
li^rmed partly out <»f their jMuishin;^ h‘aves and bnuielies, 
and in part trom the growth of other plants. We are also 
told tliai the overthrov of a fore>i by a storm, about the 
midtile of the siwruteeiitli (‘outtua, ‘jfave risi‘ to a peat-moss 
mair liorlihroom, iu Ii« <ss->hi! e, and that, in less than half a 
(‘eutury after lie* Ihll 'd' the t n‘e.s, the iuhahitarUs dii;,; peat 
tliere.** Hut the rale at whieh peat is known to form in 
places wie>r*‘ its ;^u*owth lias heoti earefullv ijtUed hy s<‘ienlitie 
<*bser\*'rs, is so slow that it is iu*e<‘ssary to f'ceive theH»* 
aeis amts wit h (‘aut iun. 

N‘»lhiuif is more common than the oceiurence (d* hurled 
lrt*c.s at tile hottoin (d the Irish prat-moss^ s, a-. aUo in most- 
ot tlhtst* <d Ihiel.md, 1 rancf', aiul Holland; and tliey have 
i>ctai so <>tten ohsrrved wjtlj parts iU' their trunks standinj^ 
ert‘ct, and Nvith their roots ii\»-d to thesulisoil, that no dimlu 
can 1h' eut< rtaiu*‘d of tlear ha\intj: ‘/enerallv ltiowii on tin* 
.sptd. Tiiey consist, lor the most part, of the (ir, tin* oak, 
and the birch: wlicre the sni>si>il is <‘lav, the remaiuH (d‘ 
(♦ak arc the most abundant ; where sand is tin* snlistralnm, 
tir prevails. In the inarsli of <'urra;:h, in tin* Ish* of Man, 
vast tn-es are discoven‘d standint^ firm on their ro<»ts, thonjj:h 
at tlie depth (d* ei^^’htecn or twenty leet h«*lo\v the surfac**. 
S<mie natnnilists liave desired to refer tin* imheddin^’ of 
timl>t*r in jH‘at-moss»*h to aqn«*ons transportation, since rivi‘rH 
are well known to float wood into lakes; but the finds alxiVe 
mentioned shtuv that, in unmerons instances, such an by* 
pothesis is inadmissible. It has, iiiorts*ver, l^een observed, 
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that in Scotland^ a« al»o in manj parts of the Continent^ 
the largest tn^en are found in those peat-mosses which lie in 
low regions, and that the trees are proiK>rtionally smaller 
in iliose which lie at higher levels ; from which fact De Luc 
and Walker have lK)ih inferred that the tn^es gn^w on the 
«I>ot, for they would naturally attain a greater size in lower 
and warmer levels. The* h‘av<?«, also, and fruits of each 
s|M?cieH, an* continually huind immerHJHl in tin* moss along 
with the jmrent tre(*rt ; as, for example, the leaves and acorns 
of the oak, the cones and leaves of the tir, and tlie nuts of 
the hazel. 

rrcmt itriijhi tfj Htun*’ — In Hatfield 

Mohs, in Yorkshire, whieh appears (dearly to have* Ix'cn a 
fon*Ht eighteen hundred years ago, fir-tre(*s have lx*<*n found 
1>0 feet hmg, and sold for masts ami ketds of ships ; oaks have 
also Is'en dis<*ov(‘red tljere alsae ltM> te»‘t long. The dimen- 
sions of an (aik fiNun this moss an* giv(*n iii tin* Philosophical 
Transaetions, No. 27o, \vhi<h must liav(* Ixsui larger than 
any tre** now existing in tin* Hriiish doininiiuis. 

In the same moss of Huttiidd, as wadi as in that of Kin- 
(‘ardirn*, in Seotlaml, and H<*V(*ral otln*rs, I{<unan roads are 
said to hav(* b<*(*n fouinl cov(*red to the (]t*pth of eight feet 
by p(‘at, and it has also be(*ii afiirined that all tlie (‘oins, 
ax(*s, arms, and otln*r utensils found in British and Fn^indi 
mosses, are Koman. But tin* more careful examiiuiiions 
madt* of late \ ears of the dt*posits (»f peat about feet thick 
at Amiens, Abbeville, ami otlnT places in the vullev of the 
Somme, l(»ad nn* to distrust tin* iiifenun'es forn)(‘idv drawn as 
to the age ot a large portion of the EurojMMii peat, winch 
has been «uppos(*d t4> be of later date than the tinn* of 
Julius Ciesar. M. Boucln‘r de Perthes ascertained that 
Gallo-Roman rt*mains occur at Abbeville, in peat nearer the 
surfaCH^ than the more ancient wt'aporis called Celts of the 
Stone period. The same antiquary also remarked that the 
depth at which Roman w^)rks of uil are met with, is not 
alwaiys a sure te^i of age, be<*ause in some parts of the 
swamp, esjH'oially near the river, the i>eat is often so fluid 
that heavy subsUiuces may sink through it.* Recent re- 

* StH> ‘ Anti<j|Uity of Man,’ p. 110. 
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searcVie® may be said to have demonstrated that no sinaU 
jiart of tlie European pt^at is pre- Homan and btdougs to the 
age of bronze inslniinents, and even in gnnit [Mirt to the 
antiH'edeiit Neolithic Stone |H*riod, of which tnori* will 
said in Chapter XLVii. 

According to De the very sites of th»* aboriginal forests 
of Hercynia, Semana, Ardennes, and sevt‘ml others, art' now 
occupied by mosses and fens. A grt»at part of tlu'se eliungt's 
have, with much probability, l>ct»u attributed to the strict 
orders given by St'verus, and other emperors, to destno* all 
tlie WiKKl in the coiujuereil provinet^s. So alst» many of the 
British forests, which are now mosses, were cut down at dif- 
fertMit jH^riods, by ordtu* of tin* English puiiiainent, IxH'anse 
they harboured wt^lvcs or outlaws, 'riius the Wtdsh w^hhIh 
were eiit down and burnt, in the reign ot Edward 1. ; as were 
many of those in Indaiul, by Ibmiy IE, to prevent the natives 
from harUniring in them, and harassing his tnM>ps. 

It is a remarkable fai‘t, that in tlie Danish islands, and in 
Jutland as well as in Holstein, trunks of t he S'oieli tir, 

are found at the bottom of the p^at -mosses, al- 
though this speeifvs of tir ha^ n‘>t been a native of the same 
ci^nntries in historical times, and, wlimi introdueeil there, lias 
not thriven. Higher up in the Danisli ptNit-ino^ses, prostrate 
trunks of the sessile variety of the common «>ak occur, while 
at a still higher lt‘vel, the pedunculated vaiiety <»f the same 
oak, (^urrrKH nifmr, Linn., is met with, together with the 
alder, birch, and hazel. The oak has mov in it^ turn hetui 
almost supplanted in Denmark by tlie common beech. There 
appears tlierefore to have heon a natural rotation of trees 
in tliat country; (uie set <»f speedes, wdii<h lived on the 
Ixirdei'S of the swamps, having died out and another sm - 
ccsalcd, Thes4* clmng^es t<wik place, all cd’ them, before tin* 
historical era; hut nunains of man have Immui found evi*n in 
the fundamental peat in wdiieh the Se«»t(‘li firs lie buried, and 
a flint implement has l>een taken out, by Steenstniji himself, 
from below one of the buried pines. It wasa wiajs^n of the later 
Stone j>eri<xl or Neolithic age* — no remains of Paleolithic 
Man having yet l)<?eii diiwajvered in any partof S^’andinavia.* 

* Lubbfx*k, to NiU*oii on th<^ stf ai' 1868 
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of hog iron-ore , — At the bottom of peat-moeaee 
there i« someiimee found a cake, or * pan/ a« it is termed, of 
oxide of iron, and the frequency of bog iron-ore is familiar 
to the mineralogist. The oak, which is so often dyed black 
in peat, owes its colour to the same metal. From what 
source the iron is derived has i>ften been a subjiM?t of dis- 
cussion, tiniil the dineoveries Ehreiils.*rg seem at length to 
have removed the difficulty. If<* ha<l obsiTveil, in the marshes 
alxmt Berlin, a Huhstanee of a deep ochre yellow passing 
into r<M!, whicdi covennl the Ixittom of the ditches, and 
which, wliere it had be<'<mn‘ dry nfti*r the evaporati<»n of the 
water, apjM*;ired exactly like oxide of 
iron. Ihd under 
f(»und to connist 





fi.tUum' Utt f ui/tnrtf. 
it, niin « (hukuCUmI 


the microscope it was* 
of slender articulated 
threads nr plates, partly siliceous and 
partly ferruginous, of a plant of simple 
striK’tun*, ilftllioorlhi f rrmjiut'a ^ of the 
family <*alled l)ialoinaci*ie.* There can 
b(^ littl(* doubt, hendbre, that bog iron-ore eonsists of an 
aggr(‘gate of millions rjf tbesi* organic Ixwlies invisible to 
the naked eye.f 

Prt'Ht rvotion t}f (ininml snitAldnrrg i)i prat, — <)iie inten*sting 
cireumst a net* atUuiding the history of p<*at -mosses is the 
liigh stait* of |>r(‘.servation of animal substances buried in 
them for periods of many ytairs. In June, 1747, tin* Ixsly of 
a woman was tbund six ft*et deejt, in a peat-moss in tht* Isle 
of Axhtdm, in Linetdnshire. The anti(|ne sandals t#n her 
feet aftbrded <*videnc<* of ht*r having Ikhui buried there for 
many eenturies; yet her nails, hair, and skin are dt*seribed 
as having shown lumlly any marks of th*eay. On the estiite 
of the Earl of Moira, in the mirth of Ireland, a human btxly 
was dug up, a foot dt*ep in gravtd, eovered with eleven feet 
of jKjat; the body waa eom{)h*tely elotlied, and the garments 
seemed all to be^ made of hair. lh‘fore the use of wool 
was known in that country the clothing of tlie inhabitants 
was made of hair, so that it would appear that this body 
had been buritMi at that early period ; yet it was fresh and 


• rol. i. p. 645. 

t KhreuWrg, Taylor Scit*atific MoiUm vol. i. part iii. p. 402. 
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Unimpaired.* In the Philosophical Transa^Hions we find an 
example recorded of the bodies of two jicrsons haring been 
buried in moist peat, in I>erby shire, in 1(574^ ulK>ut a yanl 
deep, which were examiiwi twenty-<dght years and nine 
months afterwards ; ‘the colour of their skin was fair and 
natural, their flesh soft as that of persons nt‘wly ileml/ f 
Amon^ other juialopous facts we may mention, that in 
diffginj:^ a pit for a well iH*ar Dulverton, in SoimT^^etshire, 
many pigs were found in various postures, still entire. Their 
shafw^ wjis well pr»*s<u-ved, the skin, whicli ndained tJie hair, 
having assumed a dry, mmnhninoiis appearance. Their 
flesh was e(»nverted into a white, friable, laminated, in- 
odorous, and tasUdess substaiu‘e; but whi^ h, when exjH>siHl 
to heat, emitted an (nbiur pretUNely similar to that of broiled 

bacon 4 

We naturally ask whence jwut dtuives this antisej>tie pro- 
perty? It has ls‘en attributed by some !*> the earlMuiic and 
gallic acids which issue from dtn’ayed wood, ixa also to tlie 
pn»sence of charred wood in the lowest strata of many peat- 
mosses, for charcoal is a powerful antis4*ptic, and capahh* of 
purifying water alrea<ly [uitrid. Vegetable gums and ri'sius 
alst) may openite in the sane* way.§ 

'J‘he tannin occasionally j>rcs<‘nt in peat is the pnahiee, 
says Dr. MacCnll<K‘li, <»f tornnuitilla, and some other plants; 
but the (juantity lie thinks t<H> small, and its (Krtuirrema* too 
casual, to give rise to etlects of any im[>ortunct*. He hints 
that the soft parts of animal Isslies, preserved in [M*at-hogs, 
may have Ixmi convt*rted into udip<K‘ere by the action of 
water only.ji 

Mirimj of quadropi th , — The manner, liowev(‘r, in which 
jK^at contributes to pres*‘rve, for indefmib* periods, tin* hanler 
parts of terrestrial animals, is a subject of rnon? iinmediaU* 
interest to the ge<dogist. There are two ways in which 
animals b^x*ome occasionally buried in the jK^at of marshy 
grounds; they either sink down into the semifluid mud, 

♦ ]>r. on /j2J : J'Vr K» nr.o on IVat, Af., p. /i2l. 

fii'VtfiU «thf r an* r»*f< rr?»<l to, | P i4 p 

t FbiL TraiJi. rol. xxxriii. 1734. ] SyH. of rol io pp, 
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tmderljing a turfy surface upon which thej have rashlj 
ventured, or, at other times, as we shall see in the sequel, 
a bog * bursts/ and animals maj be involved in the peatj 
alluvium* 

In the extensive bogs of Newfoundland, cattle are some- 
times found buried alive with only their heads and necks 
above ground ; and after having remained for days in this 
situation, they have been drawn out by n»j>es and saved. In 
Scotland, also, cattle venturing on a ‘quaking moss,’ are 
ofUui mired, at ‘ laired,’ as it is termed ; and in Irtdand, Mr. 
King asserts that the number of cattle which are lost in 
sloughs is quite im^redible.* 

Solway Mohh, — The description given of the Solway Moss 
will serve to illustrate the general character of thest* bc»ggy 
grounds. That moss, obsc^rves Gilpin, is a 6at area, about 
seven miles in circumference, situated on the western confines 
of England and Hcotlarnl. Its surface is covered with grass 
and rushes, prt*senting a dry crust and a fair appearance ; 
but it shakes under the least pressure, the bottom being 
unsound and s<unifluid. The adventurous passenger, there- 
fore, who soinetiin(‘s in dry seasons tniverses this perilous 
waste, to save a few miles, picks his cautious way over the 
rushy tussocks as tiny appear la^fon* him, for here the 
soil is (irmest. If his slip, or if he venture to desert 
this mark i>f s(‘eurity, it is possible he may never more be 
heard of. 

‘At the battle of Solway, in the time of Henry VIII. (1542), 
when the Scotch ariiiy, c<»inmanded by Oliver Sinclair, wjis 
ri>uted, an unfortunate tnajp of horse, driven by their fears, 
plunged into this moniss, which instantly closed upon them. 
The tale was traditional, but it is now so far authenticated, 
that a man and a lu^rse, in complete armour, have been 
found by peat-diggers, in the place where it was always 
supposed the affair had happened. The skeleton of each 
was well preserved, and the diflerent parts of the armour 
easily distinguished.’ t 

The same moss, on the 16th of December, 1772, having 

• Phil. Trmi«. vol xr. p. 1)49, 
t Gilpin, ObieiT. on Pictnre#que Beauty, &c,, 1772, 
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been filled like a i^reat sponge with water daring hearj rains, 
swelled to an nnnsnal height above the snirounding country, 
and then burst. The turfy corering seemed for a time to act 
like the skin of a bladder retaining the fluid within, till it 
forced a passage for itself^ when a stream of black half-cf>n- 
solidated mud began at first to ertH‘p over the plain, resem- 
bling in the rate of its progress tin ordinary lava-cummL 
Ko lives were lost, but the delugt^ t4>tally <»verwhelmetl some 
cottages, and covertnl 4<X> at'res. The highest {)artg of the 
original moss subsided to the depth of uUmt 25 fi*et; and 
the height of the nu>s8, on the l4>west parts of the country 
which it invjuled, was at least 15 fi^et. 

Bnrntin(j of pet — An inundation in Sligt) in Jan- 
uary, 18dl, affords another example of this phenomenon. 
After a sudden thaw r>f snow, the bog bi'twinui Dhsunfield 
and Geevah gave way; aiul a black deluge, <‘arrving with it 
the conituits of a hundr4‘d a4‘rt*8 of 1 h^, to4>k the diri?ctioii <»f 
a small stnaiin and rolh^d 4)n with the violence 4 »f a torrent, 
sweeping ahuig heath, tiinli4*r, mud, ainl st<uu*s, and over- 
whelming inuny meadows and much arable land, tin passing 
througli 84)me l)oggy land, tin* flo<Ml out a wide and 

deep ravirn*, and part of the naid leading frimi llhsuiifield 
to St. James’s Well was completely carri4-d a way from below 
the foundation for the bn*adth of 2<>t) yunls. 

An ancient log-cabin is rtM’orded as haviiig been found in 
183d at the depth (»f f4jurt<*4ni feet in the jH?at of Donegal. 
The cabin was filled with j)eat and was surrounded by otln^r 
huts, which were not examined. The trunks and r<K>t« of 
trees preserved in their natural fwisitii)!! Hurround4»d these 
huts. There can be little doubt that W4* have hen^ an 
example of a village which at some unknown period was 
overwhelmed by the bursting of a moss. In such cam^s the 
depth of vegetable matter which may overlie the dwcdling 
affords no test of antiquity, as the whole thickness may have 
accumulated at once when the catastropln^ occurred. 

From the facts before mentioned, reHi)ecting the bursting 
of mosses and the manner in which they frequently descend 
in a fluid state to lower levels, the reader will readily perceive 
that lakes and arms of the sea must occasionally become the 
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ree^ptAclai of drift peat Of this, accordingly, there are 
tiumerous examplea ; and hence the alternationa of clay and 
sand with different depo«it« of peat m frequent on some 
coasts, as on those of the Baltic and German Ocean. We are 
informe<l by Deguer, that remains of ships, nautical iiistru- 
ments, and oars, hare been found in many of the Dutch 
mosses. Genird has hIiowii by similar pro<»fH that many 
mms^is on the cojist of IMeardy, Zealand, and Friesland were 
at one peri<sl navigxible arms of the sea. 

of fo^rhivon^uM qwolntpfuh in jn/tf. — The antlers of 
large and full-grown stags Jire amongst the nu'st common 
and conspicuous reiuains of animals in peat. Tht‘y are not 
horns whicli have been hIhmI ; for }H»rti<uiH of tin* skull are 
found attached, proving Unit the whole animal perished. 
Bones of the ox, hog, horse, sheep, and oth«*r In^rbivorous 
animuls, also occur. M. Morren discovered in the jH»at of 
Flanders the bones of oibTs ami beavers,* and M. Ikmeher 
de Pcrtiies found bones and tet'lh of tin* Urnus arcton^ or the 
Ixnir whi<’h now liv<‘H in the Pyrenees, in tin* jenit of Abbe- 
ville. But as a general rule no remains are nnd with belong- 
ing to extinct (jiunlrupeds, such as the elejdiant, rhinoceros, 
hipj><»potainns, hyaena, and tiger, which art* so common in old 
Euro[HMin river-gruvtds. 

Bfuies ot tin* mammoth mentiontHl by us in tin* first volume, 
pp. 549, 559, ns occurring in peat and vt*gt‘tahle matter of 
older date than ordinary p<‘at-nK»ssi‘s, an* vt‘rv i*xet*ptional. 
The great t‘xtinct deer also, has often been 

said to have Ihhui dug out of pt*at, hut its tnie position seems 
to be in shell-marl underlying peat -mosses. The freshwater 
Bhells of such marl and <»tln*rs occasionally associatetl with 
peat, as well as the lainlslndls met with in the same, are in- 
variably of sjH'cies now living. 

Orent Dimtml Swamp, — I have deserils'd in my ‘ Tmvels in 
North America,’ t an extemsive swamp or morass, 40 miles 
long from north to south, and 25 wide, Wtweeu the 
towns of Norfolk in Vii*giaia, and Wtddon in North Caro- 
lina. It is called the * Great Dismal,' and has somewhat the 

• Bulletin dt» l«8oc. G^l.d© France, f Travelji, Ac., in IS41, 1842, vol. i. 
tom. ii. p 26, p. 143, 
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appearance of an inundated riTer^plain cohered with aquatic 
troea and ahrnba^ the soil being aa black aa that of a peat-bog. 
It is higher on all sides except one than the surrounding 
country, towards which it sends forth streams of water to the 
north, €^ast, and south, receiving a supply from the west only. 
In its centre it rises 12 feet above the flat region which 
bounds it. Tlie soil, to the depth of 1 5 feet, is formed ot 
vegetable matter without any admixture of earthy particles, 
and offers an exception t<.> a general rule before alluded 
to, namely, that such peaty accumulations scarcely ever occur 
so far south as lat. 36"*, or in any region where the summer 
heat is so great as in Virginia. In digging canals through 
the morass for the purp>He of obtaitiiug timber much of the 
black soil has been thrown out from time to time, and 
exposed to the sun and air, in which <‘aKe it scku! rots away, 
so that nothing remains Indiind, showing clearly that it owes 
its preservation to the shade aflbnltHl by a luxuriant vegeta- 
tion and to the constant <»vapor;it ion of tlie spongy soil by 
which the air is cooled during the hot montlis. 'Fhe surfaco 
of the bog Is carpeted with mosses, and densely covtuvd with 
ferns and retHls, alx)ve which many (evergreen Hlinibsand tree« 
flouri8li,cs[>ecially the White (\Mlar which 

stands firmly supported liy its long tap roots in the softest 
parts of the quagmire. Over the wlioli? the deciduous 
Cypress {Taxiylitun dlMirhum) is seen to tow'er with its 
spreading top, in full leaf in llie sea son wdien the sun’s mys 
are hottest, and when, if Jiot intercepted by a scre<ui of foliage, 
they might soon cause the fallen leaves and dea<l plants of the 
preceding autumn to decompose, iusbuid of adding their con- 
tributions to the peaty mass. On tln^ surfa<’e of the whole 
morass lie innumemble trunks of large and tall trees blown 
diown b}" the winds, while thousands of oiliers are buried at 
various depths in the black mire below. Tljey nuniml Iho 
geologist of the prostrate i> 08 itioii of large stcuns of Sigillaria 
and Lepidodendron, converted into coal in ancient carboni- 
ferous rocks. 
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nCBB0DIXG OF HUMAN AN0 OTHEE EEMAIKS, AN0 WOBKS OF 
ABT, rN BLOWN SAND. 

The ilriftinff of sand may next be considered among the 
causes capable of preserving organic remains and works of 
art on the emerged land. 

African $amh , — The sands of the African deserts have 
been driven by the west winds over part of the arable land 
of Eg) pt, on the western bank of the Nile, in those places 
when* valleys open into the plain, or where there axe gorges 
through the Libyan moiintaiiiR. Uy similar sand-drifts the 
ruins of ancient cities have be(m buried be^tween the temple 
of Jupiter Ammon and Nubia. 

We have seen that Sir J. G. Wilkinson is of opinion that, 
while th(* sand-drift is making aggressions at certain points 
upon the fertile soil of Egypt, the alluvial deposit of the 
Nile is advancing very generally u|x^n the desert ; and that, 
upon the whole, the balance is greatly in favour of the ferti- 
lising mud. * 

No mode of interment can Ih^ conceived more favourable 
to the conservation of moiinments for ind(‘finito periods than 
that now so coniinon in the region immediately westward of 
the plain of the Nile. The sand which Biirrounded and filled 
the great temple of Ipsainbul, first discovered by Burckhardt, 
and afUTwards partially uiu*(»vcred by Belzoni and Beechey, 
was so tine as to resemble a iluul when put in motion. 
Neither the features of tlie colessul figures, nor the colour of 
the stucco with which some wtut* covered, nor the paintings 
on the walls, had received any injury from being envelo|>ed 
for ages in this dry impalpabh* dust.f 

At some future i>ericKl, ixu-haps when the Pyramids shall 
have perished, changes in the surrounding sea and land may 
modify the climate and the direction of the prevailing winds, 
80 that these may then waft a\vay the Libyan sands as 
gradually as tliey once brought them to those regions, and 
may lay open to the day some of these buried temples. 


• See vol. i. p. ISO. 


t Sirattoii, Ei!. Phil, Joura., No. v. p. 62 . 
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Whole eantTatis we said to have been overwhelmed by the 
labyan aands ; and Burckhardt informs n« that * alter paat* 
ing the Akaba near the head of the Red Sea, the bouea of 
dead camels are the only guides of the pilgrim through the 
wastes of sands.’ — *We did not see,* says Captain Lyon, 
speaking of a plain near the Soudah mountains, in Northern 
Africa, * the least api>carance of vegetation ; bnt observed 
many skeletons of animals, which had died of fatigue on the 
desert, and occasionally the gi*avo of some human being. 
All these bodies were so dried by the heat of the sun, that 
putrefaction appeal's not to havt' taken place after death. 
In recently expinnl animals I could nut |H?rceive the slightest 
offensive simdl ; and in those lung dead, the skin with the 
hair on it remained unbroken and perfect, although so brittle 
as to bnnik with a slight blow. The sand-winds never cause 
these carcasses to change their places ; fur, in a short time, 
a slight inoinul is formed round them, and they become 
stationary.** 

T(mm (fverwhrlmol hy — Tlie burying of several 

towns and villages in England, Fnince, and Jutland, by 
blown sand is on reconl ; thus, for (‘xatnple, near St, Pol do 
Leon, in Brittany, a whoh‘ village was eompleitdy buried 
beneath drift-saiul, so tliat nothing was seen but the spire 
of the church. t In Jutland marine shells adhering to sea- 
weed are someliineH blown by the violence of the wind to the 
height of 100 feet and buried in similar hills of sand. 

In Suffolk, in the year part of Downhani was over- 

whelmed by sands which had broken loose about 100 y<*arg 
before, from a wun-en five miles to the south-we^jt. This 
sand had, in the course a century, travelled four miles, and 
covered more than 1,000 acres of land. J A considerable tract 
of cultivated land on the north coast of Cornwall luis been 
innndatiKl by drift sand, forming hills sevenil hundred feet 
above the level of the sea, and cornjmsed of comminuted 
marine shells, in which some terrestrial shells arc enclosed 
entire. By the shifting of these* sands the ruins of ancient 

* Trarels in North Afnea in tho 1772. ih© of thd turiod 

Years 1818, 1819, nnd 1820, p. 80. chujvh of KocI**#, toI. L p. /il8. 

t Mmn. da TAcad. des Sei. de Faria, | Fhit Traoa. roh iii. p. 729. 
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boildlngi bare been diecorered, among wliich is the chnreh 
«f St. ^irao, in the parish of Periansabnloe, or Penan in 
Sabnlo, whieh I saw half exposed in 1870 ; and in some oases 
where wells hare been bored to a great depth, distinct strata* 
separated by a regetable crust, are visible. In some places, 
as at New Qnay, large masses have become sufficiently 
indurated to be used for architectural purposes. The lapi- 
dification which is still in progress, appears to be due to 
oxide of iron held in solution by the water which percolates 
the sand.* 

IJIBEDDINO OP OHOANIO AND OTHEE EEMAINS IN VOLCANIC 
FOKITATIONS ON THE LAND. 

I have in some degree anticipated the subject of this sec- 
tion in former chapUTs, when 82 »eakiug f>f the buried cities 
around Naples, and lliose on tlie flunks of litna.f From the 
facts referred to, it up{)eared that the preservation of human 
remains an<l works of art is frequently due to the descent of 
floods caused by the copious rains whieh accDinpany erup- 
tions. These a(iueou8 lavas, as they are called in C'ampania, 
flow with great rapidity ; and in 1822 sur|>rise<l and suffo- 
cated seven persona in the villages of St. Sebastian and Massa, 
on the flanks of Vesuvius. 

In tlie tuffs, moreover, or solidified imul, de|K)sited by 
these aqueous lavas, impressions of leaves and of trees have 
been observed. Some of those, fontuyl after the eruption 
of Vesuvius in 1822, are now preserved in the Museum at 
Naples. ^ * 

Lava itself may become indirectly the moans of preserving 
terrestrial remains, by overflowing beds of ashes, pumice, and 
ejected matter, which may have been showered down upon 
animals and plants, or upon human remains. Few substances 
are better non-conductors of heat than volcanic dust and 
scoria}, so that a bed of such materials is rarely melted by a 
superimposed lava current. After consolidation, the lava 
affords secure protection to the lighter and more removable 

* BiHuie on Submemon of Part of the of Cornwall, vol. ii. p. 1 40 . 

Kmtnta Bav. Tmna. Roj, Geol. Soc. t Vol. i. p. Gil, and rol. iL p. 32. 
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maas below, in wbicb tbo organic relies maj be enveloped. 
The Hercnlanean toffli oontaining tbe rolls of papjros, of 
wbicb tbe characters are still le^ble, bare, as was before 
remarked, been for ages covered by lava. 

Another mode by which lava may tend to the preservation 
of imbedded remains, at least of works of boman art, is by its 
overflowing them when it is not intensely heated, in which 
case they sometimes suffer little or no injury. 

Thus when the Etnean lava-current of 1669 covered four- 
teen towns and villages, and part of the city of Catania, 
it did not melt down coins and other articles in the vaults 
of Catania; and at the depth of 65 ft'ct under the same 
onrrent, on the site of Monpilere, one of the buried towns, 
the bell of a church and some statues wore found uninjured 
(p. 24). 
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CHAPTEE XLV. 

BUBTIKG OP POBfilLR IX ALLUVIAL DEPOSITS AXD IX CAVES. 

IX 4M.rV|t Tfct FirWTJ* Ol 8rm>KX IXVXrtATK^SS Ti:.Ul£E^^TUIALAKl* 
MAI.** lloxr AJirXDANTJ.V ri<K*'KriV4U> IK AUTVirM WltEUH EAKTEuriKIWi 
FEirvAU. MAEiKR ALi.rvjrM TowN-t r.ANi)4i,ir« — 

fllMANtC WRMilXH IN n»«tERH AXU TAVKS — lOKM AN1> IHMKN-* tON-* OF 
C AVKUNN—TIIKIU I'M<»IIAI!LK 't>UUiIN t lO-^EO IIAMNS ANI> hnrTKliUAXKAK 
EIVEll?* OK THK MOEKA- KATAViiTEtU — I DKMlTmX 01‘ {»KR( ClAM \I ITK KEI* 
<'KMKNT — lirWAN UV.MkJSH lM*tKlJUKl> IN MoliKA I U1 I N'< > ON \STVM~ 

vtXTViOi Hr MAX ekmainh axt> uonkm of extinct QrADiircEH^^ am 

ruovixo TMK KoUMKtt CO-KXINTKNCK OF MAN WITH THOSE J.OST 81‘KCIJCN — 
1H>N!M«MW(CIAS A'OUMRO IN Ol liX FISSCURS AN1> CAVES. 


Fossils ly allwhim. - -Tlio iioxt siilycct for our considera- 
tion, according to the division before proposed, is the imbed- 
ding of organic bodies in allnvium, 

The gnivel, sand, and rnud in the Wd of a river do not 
often contain any animal or vegetable nnnains ; for the 
whole mass is so coiilinnally shifting its }>lace, and the 
attrition of the various parts is so great, that even the 
hardest rocks contained in it are, at length, ground down to 
powder. But when sand and sediment are swe[>t by a flood 
over lands bordering a river, such an alluvium may envelop 
trees or the reuuiins of animals, which, in this manner, are 
often permanently piwserved. In the mud and sand pro- 
duced by the floods in Scotland, in 1820, the dead and 
mutilated bodies of hares, rabbits, moles, mice, partridges, 
and even the bodies of men, were found partially buried.'**’ 
But in these and similar cases one flood usually effaces 
tljo memorials left by another, and it is only when rivers 
are eroding and deepening valleys that portions of old river 
channels are left high and dry beyond the reach of floods, in 
which case the organic remains may be preserved for ages* 

• Sir T, B. Lander, Bart., on Floods in Morajsliire, Aug. 1S29, p. 177. 
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In diatricta repeatedly deranged by earthipiakea, rironi often 
shift their channels from one part of a Talley to another^ 
and allttrial accnmulations caused by transient floods become 
pemanent depositaries of organic substances^ 

Manm allmnum , — In May, 1787, a dreadful inundation of 
the sea was caused at Coringa, Ingeram, and other places, 
on the coast of Con>mandel, in the Eiist Indies, by a hurri- 
cane blowing from the N,E., which raised tlie waters so that 
they rolled inland to the distance of about twenty miles fi\)m 
the shore, swept away many villages, drowncKl more than 
10,000 pe<.>ple, and left the country covennl wnth marine mud, 
on which the carcasses <>ruliK>ul 100,000 hetul of cattle were 
strewed. An old tnulitiou of the natives of a similar flooil, 
said to have hapjnaied alKUit a century l>'fort\ was, till this 
event, regarded as fabulous by the European setth»rs.*^ The 
same coast of Coromafultd was, so lute as May, 18d2, the 
scene of another catastrojdio of the same kind; and wlnm 
the inundation subsided, several vi^ssels were setui grounded 
in the fields of tlu* low country about Ooringu. 

!Many of the storms termed hurri<*anes have evidiuitly been 
connected wdth submarine eartlajuakes, as b1i!>wu by the 
atmosplu^ric plienomena attendant on them, and by the 
sounds heard in the ground and the odours emitted. 

Houses ami nrorks of art in alluvial dejtOHitH, A very ancient 
subterranean town, ai)parently of Hindoo origin, was dis- 
covertfd in India in in digging the Doab (hinal. Its 

site is north of Sahurunpore, near the tf>wn of Bchat, 
and 17 feet below th(5 present surface of the country. 
More than 170 coins of silver and coppc.T were found, and 
many articles in metiil and earthenware. The r>verlying 
deix)8it consisted of about 5 feet of river sand, with a 
substratum, about 12 feet thick, of red alluvial clay. In 
the neighlxiurhood are several rivers and torrents, which 
descend from the mountains charged with vast quantities 
of mud, sand, and shingle ; and within the imanory of persons 
now living the modern Ik‘hat has been threatened by on 
inundation, which, after retreating, left the neighbouring 


* iJotipley'u Jinn. liegitt., I7S8. 
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eoantry strewed over with » saperficial coreriog of sand 
several feet thick. In sinking wdls in the environs, masses 
of shingle and boulders have been reached resembling those 
now in the river-channels of the same district, nnder a 
deposit of thiiijr feet of reddish loam. Captain Cautlej, 
therefore, who directed the excavations, supposes that the 
matter discharged by torrents has gradually raised the whole 
country skirting the base of the lower hills ; and that the 
ancient town, having Wen originally bttilt in a hollow, was 
submerged by floods, and covered over with sediment seven- 
tee nfeet in thickness.* 

We arc informed by M. Boblayc, that in the Morea, the 
formation termed ceramique, consisting of pottery, tiles, and 
bricks, intermixed with various works of art, enters so 
largely into the alluvium and vegetable soil upon the plains 
of Greece, and into hard and crystalline breccias which have 
been formed at the foot of declivities, that it constitutes an 
important stratum, which might, even in the absence of 
zoological characters, serve to mark part of the human epoch 
in a most indestructible manner.f 

Landslips . — The landslij), by suddenly precipitating large 
masses of rock and soil into a valley, sometimes buries per- 
manently whole villages, with their inhabitants, and large 
herds of cattle and other animals. Thus three villages, with 
their entire population, were covered, when the mountain of 
Piz fell in 1772, in the district of Treviso, in the state of 
Venice, J and part of Mount Grenier, south of Chambery, in 
Savoy, which fell down in the year 1218, buried five parishes, 
including the town and church of St. Andre, t ho ruins occu- 
pying an extent of about nine square mile8.§ 

The number of lives lost by the slide of the Rossberg, in 
Switzerland, in 1806, was estimated at more than 800, a great 
number of the bodies, as well as several villages and scattered 
houses, being buried deep under mud and rock. In the same 
country, several hundred cottages, with eighteen of their 

^ Jooni. of Aftiat. Soc., No«, xxt. and J s Geog., vol. i. p. i33* 

xxix., 1 834. § Bakewell, Travels is the Tarentaise, 

t A-nn. dea Sci. Kat, tom. xadi. p. rol. i. p. 201, 

117, Feb. 1831. 
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inlialdtaiiia utd a great nomber of oow% goata, Mid tboep, 
were rietiins to the sodden fall of a bed of atones, thir^ 
yards deep, which descended from the anmnuts of the Diab- 
lerets in toe Yalats. In the year 1618, a portion of Monnt 
Conto fell, in the district of Chiavcnna, in Switacrland, and 
buried the town of Pleora, with all its inhabitants, to the 
nomber of 2,430. 

It is unnecessary to multiply examples of similar local 
catastrophes, which have been very numerous in mountainous 
parts of Euro|)e, within the historical period, more especially 
in regions convulsed by earthquakes. It is where these occur 
that enormous masses of rock and earth, even in coinjianitively 
low and level countries, are detached frt)m the sides of valleys, 
and cast down into the river courses, and often so unexpect- 
edly that they overwhelm, even in the daytime, every living 
thing upon the plains. 

PBEEEBVATION OF OBGANIC BEMAIN8 IX FISHUBES AND CATES. 

In the history of earthquakes it was shown that many 
hundreds of new fissures and chasms hod opened in certain 
regions during the lost loO years, some of which are described 
as being of unfathomable depth. We also perceive that 
moimtain masses have been violently fractured and dislocated, 
during their rise above the level of the sea ; and thus we may 
account for the existence of many cavities in the interior of 
the earth by the simple agency of earthquakes ; but there are 
some caverns, especially in limestone rocks, which, although 
usually, if not always, connected with rents, are nevertheless 
of such forms and dimensions, alternately expanding into 
epocions chambers, and then contracting again into narrow 
passages, that we cannot suppose them to have owed their 
origin exclusively to toe mere fracturing and displacement 
of solid masses. 

In toe limestone of Kentucky, in the basin of Green River, 
one of the tributaries of the Ohio, a line of underground 
cavities has been traced in one direction for a distance of ten 
miles, without finding any termination ; and one of the 
chambers, of which there are many, all connected by narrow 
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ioimeUy is no Ies« than ten acres in area» and 150 feet in its 
greatest height Besides the principal series ‘ of antres rast^’ 
there arc a great many lateral embranchments not yet 
eacplored.^ 

Tlic cavernons structure here alluded to is not altogether 
confined to calcareous rocks ; for it lias lately been observed 
in micaceous and argillaceous schist in the Grecian island 
of Thermia (Cythnos of the ancients), one of the Cyclades. 
Here also spacious IntllH, with rounded and irrt*gular walls, 
are connected together by narrow passages or tunnels, and 
there are many lateral braiudies which have no outlet. A 
current of water has evidently ut some pr^riod flowed through 
the whole, and left a muddy deposit of bluish clay uj)on the 
floor; but the erosive action of tlie stream cannot be supiH)se<l 
to have given rise to the excu vat ions in Ihe first instance. M. 
Virlet suggests that fissures were first caused by earthquakes, 
nnd that thesi* fissures became the chimneys or vents for the 
disengagement of gas, generated below by volcanic heat. 
Gases, he observes, such us the muriatic, sulphuric, fluoric, 
and others, might, if rais(*d to a high lemperature, alter and 
decompose the rocks which they traverse. There are signs 
of the former action of such vapours in rents of the micaceous 
schist of Tlicrmia, and thermal springs now issue from the 
grottos of that island. We may suppose that afterwards the 
elements of ihe decompo8(‘d rocks were gradually removed in 
a state of solution by mineral waters ; a theory 'which, accord- 
ing to M. Virlet, is confinned by the effect of heated gasses 
which escape from rents in the isthmus of Corinth, and which 
have greatly altered and corroded the hard siliceous and 
jaspideous rocks. f 

When we reflect oii the quantity of carbonate of lime 
annually'poured out by mineral waUTs, we are prepared to 
admit that largo cavities must, in the course of ages, be 
formed at considerable depths below the surface in calcareous 
rocks.J ’rhese rocks, it will be remembered, are at once more 
soluble, more permeable, and more fragile, than any others, 

♦ Nahum Ward, Tran«. of Antiq. Soc, t Bull, do la Soc. Gdol. do France, 

of MaftaaclmsoUa. Holmes's United tom. ii. p. 32d. 

States, p. 438. * See above, vol. i. p. 402. 
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at least all tifcie compact varieties are very easilj broken bj 
tbe movements of earthquakes, which would produce only 
flexures in argfillaceous strata. Fissures once formed in lime* 
stone are not liable, as in many other fonmitions, to become 
closed up by impervious clayey matter, and hence a stream of 
acidulous water might forages obtain a free and unobstnicted 
passagf^.* 

Morm , — ^Nothing is more common in limestone districts 
than the eugulfrnent of rivers, which after holding a subter- 
ranean course* of many miles escape again by some* nt*w outlet. 
As they are usually charged with fine BiHliment, and often 
with sand and pebbles when* they enter, wdn*rejis they are^ 
commonly pure and limpid where they flow out agjun, they 
must deposit much matter in empty spaces in the interior of 
the earth. In addition to the materials thus introduced, 
stalagmite, or carlxmate of lime, drops from tju* rt>ofs of 
caverns, and in such mixture the bones of animals waslunl in 
by rivers are often mitomlxMh In this manner inuy account 
for those* bony brweias whii h we often find in caves, some of 
which are of high antiquity, whil<* others are v(n-y recent and 
in daily progress. It is mret-ssary to the furmation of stalag- 
mite that only so much water slnmld be present as HuiEces 
to hold the carbonate of lime in solution. No dept)sii there- 
fore takes place if a stream be continuously flowing through 
the cavern, and even if a coating be dej>o.HiliMl during a 
season of drought this may eJtsily lx* broken u[) agaiti if 
changes in the iiiidergrouiul drainage of the country or a 
rainy winter cause the cavern U> lx* again flooded. For this 
reason we find broken-up stalagmite occurring among the 
deposits of most caves, us in Kent’s Hole and otluTs. In no 
district are engulfed streams more conspicuous than in the 
Morea, where the phenomena attending them have, l>een 
studied and de8crib<*d in gn*at detail by Boblaye and his 
fellow-labourers of the French expedition U) GrecH e.f Their 
account is jx^culiarly interesting to geologists, lx*cause it 
throws light on the red osseous breccias containing the bonea 
of extinct quadrupeds which are so common in almost all the 

* remarkB by M. BobUyo, Ann. t Ann. du* Mine«, tom. ir. 

det Mines, 3tn« »^ne, tom. iv. 1S33. 
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€<miitriai bordering the Mediterranean. It appears iliaitlie 
ttnmerotts caverns of the Morea occur in a compact limestone^ 
of the age of the English chalk, immcdiatelj below which are 
arenaceous strata referred to the period of our greensand* 
In the more elevated districts of that peninsula there are 
many deep land-locked valleys, or basins, closed round on all 
sides by mountains of fissured and cavernous limestone. The 
year is dividi^d almost os distinctly as between the tropics 
into a rainy season, which lasts upwards of four montlis, and 
a season of drought of nearly eight mouths’ duration. When 
the torrents are swollen by the rains, they rush from sur- 
rounding heights into the enclosed basins j but, instead of 
giving rise to lakes, as would be the case in most other 
countries, they are received into gulfs or chasms, called by 
the Greeks * Katavothra,’ and which correspond to what are 
tenned in England sink-holes or ‘ swallow-holes ’ in the chalk 
and limestone districts. The water of these torrents is 
charged with pebbles and red oebreous earth, resembling 
precisely the well-known cement of the osseous breccias of 
the Mediterranean. This deposit dissolves in acids with 
effervescence, and leaves a residue of hydrated oxide of iron, 
granular iron, inijnilpable grains of silex, and small crystals 
of quartz. 8oil of the same description abounds everywhere 
on the surfa<*e of the decomposing limestone in Greece, tlrnt 
rock eoutiiining in it much 8ilic<‘Ous and ferruginous matter. 

Many of the Katavotlim Ixniig insufficient to give passage 
to all the water in the rainy seiisoii, a temporary lake is 
formed round the mouth of the chasm, which tlieu becomes 
still further obstructed by lobbies, sand, and red mud, thrown 
down from tlie turbid waters. The lake being thus raised, 
its waters generally escape through other oi>oiiing8, at higher 
levels, around the borders of the plain, constituting the 
bottom of the closed basin. 

In some places, as at Kavaros and Tripolitza, where the 
principal discharge is by a gulf in the middle of the plain, 
nothing can be seen over the opening in summer, when the 
lake dries up, but a deposit of red mud, cracked in aU 
directions. But the Katavothron is more commonly situated 
at the foot of the surrounding escarpment of limestone ; 
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aad in iliat cue there is sometimes room enoogh to ellow % 
person to enter, in summer, and eren to penetrate far into 
the interior. Within is seen a suite of chambers, communi* 
eating with each other by narrow passages ; and M, Viriet 
relates, that in one instance ho observed, near the entrance, 
human bones imbedded in recent red mud, mingled wiUi the 
remains of plants and animals of species now inhabiting the 
Korea. It is not wonderful, he says, that the bones of man 
should be met with in such receptacles ; for so murderous 
have been the late wars in Greece, iJiat skelotims are often 
seen lying exposed on the surface of tlio country.* 

In summer, wheu no water is flowing into the Katavothron, 
its mouUi, half closed up with re<l mud, is masked by a vigorous 
vegetation, which is cherisluHl by the uiuiKture of the place* 
It is then the favourite hiding-place and den of foxes and 
jackals; so that the same cavity serves at one season of the 
year for the habitxxtiun of carnivorous beasts, and at another 
as the channel of an engulfed river. Near the month of one 
chasm, M. Boblaye and his companions saw the carcass of a 
horse, in part devoured, the size of whi(di seemed to have 
preventcfl the jackals from dragging it in : the marks of 
their teeth were obs*TVi*d on tlie l)oru‘8, and it was (wident 
that the floods of the ensuing wdntcr would wash in whatso- 
ever might remain of the skeleton. 

It has lK*eu stated that the waters of all these torrents 
of the Korea are turbid wliere they are engulfed ; but wheu 
they come out again, often at the distance of many leagues, 
they ore perfectly clear and limpid, Isdng only charged 
occasionally witli a slight quantity of calcareous sand. The 
points of efflux are usually near the sea-shores of the Korea, 
but sometimes the}' are submarine ; and when this is the 
case, the sands are seen to boil up for a considerable space, 
and the surface of the sea, in calm weather, swells in large 
convex waves. It is curious to reflect, that when thia 
discharge fails in sw^asons of drought, the pn‘ssure of the sea 
may force its salt waters into subterraueous caverns, and 
carry in marine sand and shells, to be mingled with ossiferoiiJi 
mud, and toe remains of terrestrial animals. 

• Bull, de U 8oc. OioL dc Fmnee, tom. iii. p. 223. 
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In general, however, the e£9nx of water at these inferior 
openings is constant and snrprisinglj nniform, seeming to 
prove that the caverns in the interior serve as reservoirs, and 
that the water escapes gradoally from them, in conseqnence 
of tiie smallness of the rents and passages bj which they 
communicate with the surface. 

The phenomena above described are not confined to the 
Morea, but occur in Greece gfmerallj, and in those parts of 
Italy, Spain, Asia Minor, and Syria, wh(,‘ro the calcareous 
formations of the Morea extend. The C'opaie lake in Boeotia 
has no outlet, except by nnderground channels ; and hence 
we can (!xplaii> tln^se tnulitional and historical accounts of 
its having gaimKl on the surrounding plains and overflowed 
towns, os such floods must have hapjMuied whenever the 
outlet was partially choked up by mud, gravel, or the sub- 
sidence of rocks, caused by earthquakes. When speaking 
of the numerous fissures in the limestones of Greece, M. 
Boblayo reminds us of the famous earthquake of 469 b.o., 
when, ns we learn from Cicero, Plutarch, Strabo, and Pliny, 
Sparta was laid in ruins, part of the summit of Mount Tny- 
getus torn off', and numerous gulf's and fissures caused in the 
rocks of Laconia. 

During the great earthquake of IGOd, in Sicily, several 
tlumsand pe<q>le were at onee entombed in the ruins of 
caverns in limestone, at Sortiim Vecehio; and, at the same 
time, a large stream, which had issued for ages from one of 
the grottos Ix-low that town, changed suddenly its sub- 
terranean course, ami came out from tlu' mouth of a cavt* 
lower down the valley, where no water had previously flowed. 
To this new point the ancient water-mills were transferred; 
os I learnt when I visited the spot in 1829. 

When the courses of engulfed rivers are thus liable to 
change, from time to time, by alterations in the levels of a 
country, and by the rending and shattering of mountain 
masses, wo must suppose that the dens of wild beasts will 
sometimes bo inundated by subterranean floods, and their 
carcasses buried under heaps of alluvium. The bones, more- 
over, of individuals which have died in the recesses of caves, 
or of animus which have been carried in for prey, may be 
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drifted along, and mixed np with mud, aaud, and ftagmenta 
of rocks, so as to form osseous breccias. 

In 1833 I had an opportunity of examining the celebrated 
cares of Franconia, and among others that of Babenstein, 
then newly discorered. Their general form, and the nature 
and arrangement of their contents, apix^ared to mo to agreo 
perfectly with the notion of their having once served as the 
channels of subterranean rivers. This mode of accounting 
for the introduction of transjwrted matter into the Fran- 
conian and other caves, filled up as they often are oven to 
their roofs with osseous breccia, was long ago pn>jx>8ed by 
M. C. Prevost,* and seems at length to be very generally 
adopted. But I do not doubt that bt'ars inhabited soinu of 
the Gennaii eaves, or that the cavern of Kirkdale, in York- 
shire, was once the den of hyienos. Tlie ubundajice of bony 
dung, associated with hyrenas’ Ixuies, has lieen poinUsl out 
by Dr. Buckland, and with rt'usoii, Jis coufinaatory of this 
opinion. 

Tlie Huiiu' author obBorvcnl in c^vtuy cuvi' examined by him 
in Oerniiiny, that do{>osit.s of imid aiitl HaiHb with or without 
rollcMl jK^bblos and angular fra^inontH <»f rock, wen* covered 
over with a crunt of Htala^iuite.f In the Knylmli caves 

he remurkt'd a similar absenct* of alt* rti^tfions at alluvium and 
Btalag^mite. But Dr. Schmerling ban discovered in a cavern 
at CluKikier, about twf» h^a^ues from Lio^u% three distinct 
beds of stalagmite, and l>et\vt*en eatdi of them a mass of 
breccia, and mud mixed witli (juartz [ubbles, and in the 
three deposits the bones of extinct quadrupt^ds.J 

This exception does not invalidattj the gem*ralify of the 
phenomenon pointed out by Dr. Buckland, one caust? of 
which may perhaps be this, that if several flocwls pass at 
different intervals of time throuj^h a subterranean passage^ 
the last, if it has power to drift along fragim uts of riH:k^ 
will also tear up any alternating stalagniitic and alluvial 
beds that may have lx>en previously fomud. Another cause 
may be, that a particular line of caverns will randy be so 


* Mem. lie k Soc. Xat. de t Journ. de 0«Jol , tom. L p. 2S6. 

Pkris, Umi, ir. JuJX* 

t lUliquia^ Diluriaiiap, p. lOS. 
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mtnnMf in relation to the lowest levels of a country, m to 
become, at two distinct epochs, the receptacle of engnUed 
rivers. 

As the same chasms maj remain open thronghout periods 
of indefinite duration, the species inhabiting a country may 
in the meantime be greatly changed, and thus the remains 
of animals bctlonging to very different e2>ochs may become 
mingled together in a common tomb. 

In several cavc^rna on the banks of the Meuse, near Li%e, 
Dr. Schmerling found human bones in the same mud and 
breccia with those of the elephant, rhinoceros, bear, and 
other quadnipeds of <*xtinct species. He has observed none 
of the dung of any of these animals; and from this circum- 
stiince, and the appearance of the mud and j>ebble 8 , ho 
concludes that these caverns w^ero never inhabited by wild 
beasts, but that tlndr remains were washed in by a current of 
water. As the human skulls and bom^s were in fragments, 
and no entire sk(‘l<‘tou had been found, he does not believe 
that these caves >vere places of sepulture, but that the human 
remains were washed in at the same time as the bones of ex- 
tinct quadrni)eds, and that these lust species of mammalia 
coexisted on the earth with man.* 

limu-htrcriiu^ in open (leisures aiul cavi^s. — Among the 

various inodes in whicli the bones of animals become pre- 
served iiule2>endently of the agency of land floods and en- 
gulfed rivers, I may mention that oi>en fissures often serve as 
natural 2)itfall8 in whivdi lierbivorous animals perish. This 
may happen the nu»re readily when they arc chased by 
beasts of prey, or 8 iirj>rised while carelessly browsing on 
the shrubs which so often overgrow and conceal the edges 
of fissures.t 

During the excavations recently made near Ikdiat in India, 
the bones of two deer were found at the bottom of an ancient 
well which had been filled up with alluvial loam. Their 
horns were broken to pieces, but the jawbones and other 

♦ The abor© was WTitten in 1834. to Dr. Schmorling, and the nwier will 
Ixjforo the coexistence of man vith the tint! there a full account of the Belgian 
extinct animals had become a generally caves which I re-examined in ISSO. 
received doctrine. In my * Antiquity of t Buckland, Keliquise Diluvianm, p* 
Man/ chap, it., I have done more justice 25. 
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parts of the skdeton remained tolerably perfect. * Their 
presence/ says Captain Cautley, * is eaaily accounted for^ as 
a great number of these and other animals are constantly 
lost in galloping over the jiingles and among the high grass 
by falling into desertoii wells.’ * 

Above the village of Selside, near Ingleborough^ in York- 
shire, a chasm of enormous but unknown depth occurs in 
the ecar-limeatone, a member of the cai*lK)niferous series. 
‘ The chasm/ says Professor Stnlgwick. * is surrotindiHl by 
grassy shelving banks, and many animals, tempted towards 
its brink, have fallen down and perished in it. Thoapj>roach 
of cattle is now prevented by a strong lofty wall ; but there 
can be no doubt that, during the last two or three thousand 
years, grtmt masses of lK»ny breceia must luivt^ liccumulated 
in the lower parts of the great fissun', which probably 
descends through the whole thit'kness of the 8<*ar-limestoius 
to the depth of jK^rhaps tiv<* or six hundred fetd/f 

When any of these natural pitfalls happen to comnmnicato 
with lines of subterranean cavt rns, tin* bones, earth, and 
breccia may sink by their own weight, or Ik» washed into the 
vaults below. 

At the north (‘xtnmiily of the rock of (libraltar are per- 
pendicular fissures, <>n tin* ledges of which a munlM*r of 
hawks nestle and rear their young in the breeding w*a«on. 
They throw down from their nests the bcmes of small birds, 
mice, and other animals on which ili(*y feed, and these are 
gradually united into a breccia of angular fragments of the 
decomi>osing limestone with a cement of red eartli. 

At the pass of Escrinet in Franct*, on the northern escarp- 
ment of the Coiron hills, near Aubenas, I have seen a bre(*cia 
in the act of forming. Small jneces of disintt*gruting lime- 
stone are transixirted, during heavy rains, by a streamlet, to 
the foot of the declivity, where landshells are very abundant# 
The shells and pieces of stone soon becoin(* cemented together 
by stalagmite into a compact mass, and the talus thus formed 
is in one place 50 feet deep, and 500 yards wide. So firmly 

* Sco f. .'520. 

f On tiie L<ike MounUiniof Kortb of Kn;;;lain3, Otol Srx*., Jitn. ♦i, ISOt. 
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is iiie lowest portion consolidatedi that it is quarried for 
millstones. 

Mecml $lalugmitic lime$t<m4^ of Cuha.—One of the most 
singular examples of the recent growth of stalagmitic lime* 
stone in caves and fissures, is that described bj Mr. R. C. 
Taylor, as observable on the north-east part of the island of 
Cttba.*^ The country there is comiK)sed of a white marble, 
in which are numerous cavities, partially filled with a cal- 
careous deposit of a brick-red colour. In this red deposit 
are shells, or often the hollow casts of shells, chiefly referable 
to eight or nine spfycies of land snails, a few scattered bones 
of qumlnipeds, and, what is still more singular, marine uni- 
valve shells, often at the height of many hundred, or even 
one thousand feet above the sea. The fullowing explanation 
is given of the gradual increase of this di*iK)sit. Laud snails 
of the genera Helix, Cyclostomu, Pupa, and Clausilia, retire 
into the caves, tlie floors of whi(*h are strewed with myriads 
of tlnnr d(‘ad and lumccupied shells, at the same time that 
water infiltiTed through the mountain throws down carlx)nate 
of lime, enveloping the shells, together with fragments of 
the wdiite limestone which occasionally falls from the roof. 
Multitudes of bats resort to the caves; and their dung, 
which is of a bright red colour (])robably derived from the 
berri(‘s on which tlu*y feed), imj)art8 its red hue to the mass. 
SometiiiK’S also the llutia, or great Indian rat of the island, 
dies ami leaves its hones in tlu* eaves. ‘At certiiin seasons 
the Boldier-crahs n‘sort to the sea-shore, and then return 
from their pilgrimage, each carrying with them, or rather 
dragging, the slndl of some marine univalve for many a 
weary mile, Tlu'y may be traced even at the distance of 
ciglit <»r ten miles from the slu^re, on tlie summit of moun- 
tiiins 1,200 feet high, like the ]»ilgrims of the olden times, 
each bearing his shell to denote the character and extent of 
his wanderings/ By this means sevenil species of marine 
testacea of the genera Trochus, Turbo, Littorina, and Mono- 
donta, are conveyed into inland caverns, and enter into the 
composition of the newly formed rock. 


♦ ISoU's on Gw>L of Cnl»a. Piul. July, 1837. 
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IltBEDDINO OP ORGANIC RKMAIKH IN 8CBAQOKOC8 DEPOSITS. 

mnsioN or tuk srruR^T- -ikmudoixo or TiutaEjmtiAi. Axn riJixTs 

— ixctuuHKD sriwTru owatitt t»r w«m»h #rxK to (jujut nttiTiiA ix thu aka 

— DKlFT-TJUlilUl CAKKIKD IfT TllK MACK.KXXIK lim» WAVR IJkILII AWO POt Aft 

KRA riOATlNCi TRKAh IX TUK PI — IN TUK OlT.r-ATUKAft -ON TUK 

COABT* OV ICKlAXn, -tPITZfilCUOKX, AXn lAHUVOOlt HVnMAUlXK tVltKATA 

— ftxAifpiKs OX Coast or iiAttf^AiiinK axo ix hay or rt^xov — 

MlXKllAI.ISATlOX op PIAXT»4 — IMKKOlUXt) OP IXAKOTA -- OP ltmT*UAS# — 

[JLS or lilUOS ^\MY U.\UK — IMIIKIUMXO o| TP UUrsrUJAl. tjl AOMI PKIMI I*T 
roOOH skKl.rToVH IN UIH KXT MIM 4 -U AUL — mUKODIXU OV MAX' 

HAIJAX UKftAIXH IX AIAUIXE ATKATA. 

Divjsioy or tju: sriurcT, — Haviiij^ treated of the imbed- 
ding of organic roinuins in deposits formed upon th<‘ land, 
I shall next <*onsid«T tin* including of the same in deposits 
formed under water. 

It will be conviuiient to divide this branch of our subject 
into three parts ; c onsidering, first, the various modes 
whereby the relics of ierrvsirial s]>ecies may be buried in 
subaqueous formations ; secondly, the mcMles whereby 
animals and plants inhabiting frc$h water may \h) ho en- 
tombed ; thirdly, how marine species may become preserved 
in new strata. 

The phenomena above eiiumenited demand a fuller share 
of attention than those previously examined, since the d<*[>o- 
sits which originate upon dry land are insignificant in thick- 
ness, superficial exbnit, and durability, when contrasted with 
those of subaqueous origin* At thc^ same time, the study of 
the latter is beset with greater difficulties ; for we are horij 
concerned with the results of processes much fartlier removed 
from the sphere of ordinary observation. There is, indeed, 
no circumstance which so seriously imj>edes the acquisition 
of just views ill our science as an halutual disregard of the 
important fact, that the rejiroductive effects of the x^rincipal 

X jr 2 
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agents of change are confined to another element^ — to that 
larger i>ortion of the globe, from which, by our very organi- 
sation, we are almost entirely excluded.^’ 

IMBEDDING OP TEEEESTEIAL PLANTS. 

When a trc'O falls into a river from the undermining of the 
banks or from l>eing washed in by a torrent or flood, it floata 
on the surface, not because the w(x>dy portion is specifically 
lighter tluiii water, but because it is full of pores containing 
air. When soaked for a considerable lime, tlie water makes 
its way into these pores, and the wood becomes waicMogijed 
and sinks. The time required for tliis process varies in 
dilTerent w<kk1s; but several kinds may be drifted to great 
distances, sometimes across the ocean, before they lose their 
buoyancy. 

If wood bo sunk to vast depths in the sea, it may bo im- 
pregnated with water sndd(»nly. Oa]>tain Seoresby informs 
us, in his Account of the Arctic liegions, that on one occasion 
u whale, <m ])eing hurpoom‘d, ran out all tlu‘ line in the lK)at, 
wliich it then dnigg<Ml under water, to tlie deptli of several 
thousand fe(‘t, the nnui liaving just time to escape to a piece 
of ice. Wlieii the whale returned to tlie surface ‘to blow,’ 
it "vvas struck a second tinu', and soon afterwards killed. The 
moment iiexphvd it Ix^gan to sink — an unusual circumstance, 
wliicb was finuul to be caused by the w'eight of the sunken 
boat, wdiich still r(‘maiiu‘d attached to it. By means of har- 
poons and ropes the fish was prevented from sinking, until 
it was released from the weight by connecting a rope to the 
lines of the attached boat, wdiicli was no soimer done than 
the fish rose again to the surface. The sunken boat was then 
hauled up wnth great lalniur; for so heavy was it, that 
although before the accident it would have been buoyant 
when full of water, yet it now required a boat at each eudto 
keep it from sinking. * When it w as hoisted into the ship, 
the paint came oft* the wood in large sheets ; and the planks, 
which wei'e of wainscot, were as completely soaked in eveiy 
pore as if they had lain at the bottom of the sea since the 


* Se« abore, Vol. I p. 97. 
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flood ! A wooden apparatus that accompanied the boat in 
its progress through the deep, consisting chiefly of a piece 
of thick deal, about fiAeen inches square, happened to fall 
overboard, and though it originally consiskHl of the lightest 
fir, sank in the water like a stone. The boat vms rendered 
Tueless; even the wood of which it was built, on being 
offered to the cook for fuel, was tritnl and rejected as in- 
combustible,’* 

Captain Scorosby found that, by sinking pieces of fir, elm, 
ash, &c., to the depth of 4,000 and sometimes 6,000 feet, 
they lx>carae impregnate*! with sea- water, and when drawn up 
again, after immerHion for an hour, would no longer float. The 
effect of this impregnation was to incn'ase the dimensions as 
well as the specific gnivity t>f the wood, ever)' solid inch 
having increased one-twentieth in size and about seven- 
eighths in weight. t 

Drift- twoil (>/ Hit* Miirktuzie liivt r. — When limlK»r i» drifted 
down by a river, it is (>ften arrested by lakt‘H ; and, lK‘eomin|f 
water-lugged, it may sink and be iml>t>dded in lueuatriuo 
strata, if any be then* funning; 8unu*times a portion floats 
on till it rtMeheH the nea, in the (‘ourse of the Mackenzie 
River in tlu* nui'lh-wt'stern part of North America, we have 
an example of vast accumulations of vegetable matter nowin 
progress under both ilufse circunislanceH. 

In Slave Lake in particular, whicli is 200 miles long, the 
quantity of drift- timber brought down annually is enormous, 
‘As the trees,’ says 8ir John Richardson, ‘retain their roots, 
which are often loaded with earth and stones, they readily 
sink, es}H*cialIy when water-soaked ; and ax^cumulating in the 
eddies, form shoals, which ultiumtely augment into islands. 
A thicket of small willows covers the new-furnuHl island as 
soon as it appears above water, and their fibrous r(K>t« servo 
to bind the whole tinnly together. Sections of these islands 
are annually made by the river ; and it is interesting to study 
the diversity of appearances they present, according to their 
different ages. The trunks of the trees gradually decay 
until they are converted into a blackish-browa substance 


• Account of the Arctic Begionfl, vol. ii. p. 193. 
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resemMlng p«at, but wbicb still retains more or less of tho 
fibrous stmcture of the wood ; and larers of this often alter- 
mate with layers of clay and sand, the whole being penetrated, 
to tho depth of four or fire yards or more, by the long fibrous 
roots of the willows, A deposition of this kind, with the aid 
of a little infiltration of bituminous mat t<‘r, would produce au 
excellent imitation of coal, with vogetabli^ impressions of the 
willow-roots. What appeared most remarkable was the 
horizontal slaty structure that the old alluvial banks pre- 
sented, and tho regular curve that the strata assumed in places 
where there had Ikhui unecjual subsidence. 

* It was in the rivers only that we could observe sections 
of these deposits ; but the same operation gO(?s on, on a much 
more magnifie(*nt scale, in the lakes. A shoal of many miles 
in extent is formed on the south side of Athabasca Lake, by 
the drift-timber and vegetable debris brought down by the 
Elk River; and the Slave Lake itself must in process of 
time bo filled up by the matters daily conveyed into it from 
Slave River. Vast quantities of drift-tin)l>er are buried 
under tho sand at the mouth of the river, and enormous 
piles of it are accumulated on the shores of every j)art of the 
lake.’ * 

The banks of the Mackenzie display almost everywhere 
horizontal beds of wood coal, alt<'rnating with bituminous 
clay, gravel, sand, and friabh* sandstone; sections, in short, 
of such deposits as tire now evid«*ntly forming at the bottom 
of the lakes which it traverses. 

Notwithstanding that so much woo{l of the vast forests is 
intercepted by the lakes, a still greater mass of drift-wood is 
found where the Mackenzie reaches the sea, in lat. 61 )'' N., 
where no wmxl grows at present except a few stunted willows. 
At tho mouths of the river the alluvial matter has formed a 
barrier of islands and shoals, whore wo may expect a great 
formation of coal at some distant period. 

The abundance of floating timber on the Mackenzie is 
owing to the direction and to the length of tlie course of this 
river, which runs from south to north, so that the sources of 

• Sir J. Kiehardfion's 0»ogno»t. Obs, on Capt. Franklin’# Polar Expedition. 
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the stzeam lie in mach wanner latitudes than its months. 
In the conntsy, therefore, where the sooroea are sitaat«(l,tlie 
frost breaks up at an earlier season, while jet the watora 
in the lower part of its course are ice-bound. Hence the 
current of water, rnshing down northward, reaches a point 
where the thaw has not begun, and finding the channel of 
the river blocked up with ice, it overflows the bankn, swoeplug 
through forests of pines, and carrying away thousands of 
uprooted trees. 

Drifl-timber on coasU of Iceland y Sp{t::bertjcn, Jte . — Although 
the Icelander can obtain no timber from the land, he is sup- 
plied with it abundantly by the ocean. An immens^i quantity 
of thick trunks of pines, firs, and other trees are thrown 
upon the northern coast of the island, c8p(?cially ujM>n North 
Cape and Cape Langanjes, and are then carried by the waves 
along these two promontories to other parts of th<‘ coast, 
so as to affortl sufficionoy of w(M>tl for fuel and for construct- 
ing boats. Timlx'r is also carriod to the shores of Labrador 
and tireenland ; and Krantz assures us that the masses of 
floating wofsl thmwn by the waves upon the island «)f J<»hn 
de Mayen f>ften equal the whole of that island in extent.* 

In a similar manner the bays of SpitzlM'rgtui are tilled with 
drift-wood, which acoumuhites also upon those parts of the 
coast of Siberia that are exposed to the east, consisting of 
larch, pine, Siberian cedar, fir, and other kinds of trees, said 
to come from distant southern latitudes. Some of the trunks 
have been deprived of their bark by friction, but retain 
their roots and bnincbes, and are in such a state of pn.'ser- 
vation as to form excellent building tiinber.f Parts of the 
branches and almost all the roots remain fixed to the pines 
which have been drifted into the North Sen, into latitudes 
too cold for the growth of such timber, but the trunks are 
usually barked. 

The leaves and lighter portions of plants are seldom car- 
ried out to sea, in any part of the globe, except during tropietd 
hurricanes among islands, and during the agitations of the 

* KmfJt4E, llUt of Greenland, tem, i. t OUfK-n, Voyage to IctUnd, tom. L 
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tiimo$phere whicli sometimes accompany earthquakes and 
▼olcaiiic eraptions* 

It will appear from these obsenrations that, although the 
remains of terrestrial vegetation, borne down by aqueous 
causes from the land, are chiefly deposited at the bottom of 
lakes or at the mouths of rivers, yet a considerable quantity 
is drifted about in all directions by currents, and may become 
imbedded in any mfirim formation, or may sink down, 
when water-logged, to the bottom of the deepest abysses, 
and there accumulate. 

It may be askcMl, whether we have any data for inferring 
that the remains of a considenible proportion of the existing 
species of plants will be permanently preserved, so as to be 
hereafter recognisable, supfiosing the strata now in progress 
to be at some future pericMl upraised:^ To this enquiry it 
may bo answered, tliat there are no reasons for expecting 
that more than a small number of the plants now flourish- 
ing on the globe will become fossiliacHl ; since tlie entire 
habitations of a great number of them are remote from 
lakes and seas, and even when^ thi^y grow near to large 
lx)die8 of water, the circumstances are quito accidental and 
partial which favour the imbedding and conservation of 
vegetable remains. 

Submarine forcKf on coani of IlaniH, — Allusion lias been 
made in the first volume, p. 548, to several localitii^s on the 
British shores in whicli the remains of trees are seen in a 
vertical position submerged beneath the mean level of the 
sea, often with their roots attached. In many instances it 
is impossible to explain their submergence without assuming 
a change to have taken place in the relative level of land 
and sea. But such an hypothesis does not seem necessary 
in the cose about to bo descriWJ. My friend the Hon. 
Charles Harris — now Bishoi^ of Gibraltar — discovered, in 
1831, evident traces of ii fir-wood l)eneath the mean level of 
the sea, at Bouniemouth, in Hampshire, the formation 
having been laid open during a low spring tide. It is 
situated between the beach and a bar of sand about 200 
yards off*, and extends 60 yards along the shore, cropping out 
from beneath a bed of sand and shingle. It also lies in the 
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direct line of the Bonrnemonth Valley, from the ierminatioti 
of which it is separated by 200 yards of shingle and drift* 
sand. Down the valley flows a large brook, traversing near 
its month a considerable tract of rough, boggy, and heathy 
ground, which produces a few birch trees, and a great abun* 
dance of the bog-myrtle {Myrica ijah). In that part of the 
submerged ix?at which was exposed at low water were seen 
twenty or more large stumps of fir, from one to two feet in 
height, the roots and bases of which still retain their bark. 
The sap-wood of these is soft and spongy, but perfectly 
white, and exhibiting its original clmraoter. The heart* 
w’ood is exceedingly hard and tough, and in the burger 
stumps, of a greenish hue, saturated with moisture, and ex- 
haling a strong odour of HulphiirettiHl liydmg^en. * Tins odour, 
and the greenish colour, are di'pendtuit,’ says Bishop Harris, 
‘on an iiicipiont foniuition of iron pyrites, which is proceed- 
ing with some rapidity in the jaaity stratum iHnieatlK Tho 
pyrites occurs in small concretions, enclosing both roots and 
fibres. In some instances it may be seen tilling up the hollow 
stems of grasses, in others it lias pmetrated to tho heart of 
pieces of fir-wooil, two or tlm*c indues in diameter, following 
the grain of the wood and often supplying its phi<?e, so as not 
to \>e easily perceivable till broken/ 

iSeventy-six rings of annual growth wen^ counted in a 
transverse section of one of the trees, which was fourUH^n 
indies in diameter. Besides tho stumps and ro<d8 of fir, 
rushes, and other coinpressed vegetable matter and pieces 
of alder and birch are found in the i>eat. la the ctmtre 
of the formation the jx^at was pierced two feet and a half 
without being passed through ; towards its edges, however, 
it is seen resting on a stratum of bluish pebbles, clay and 
sand, which crops out also on its seaward side, and is pre- 
cisely similar to the sand and pebbles that occur on the 
adjoining heaths. The whole formation was shown Uy have 
existed 40 years before, in tho same situation and presenting 
the same apjiearances as in 18^11, and I learned from Bishop 
Harris (Feb. 1868) that on several (^iceasions he had since re- 
visited the spot and again observed the stumps in BiUu 
Now as the sea is encroaching on this shore, we may 
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suppose that at some former period the Bournemouth VaU^ 
extended fkrther, and that its extremity consisted, as ai 
present, of rough and boggy ground, partly clothed with fir- 
troes« It is also probable that the whole of this rested on 
the sand and j)ebble8 already mentioned, and that the sea, in 
its progressive encroachments, eventually laid bare, at low 
water, the foundations of this marshy ground; in wliich 
case, much of the sand constituting these foundations might 
have been washed out by the rapid descent of the fresh water 
through them at the fall of the tide. The superstratum of 
vegetable matter being matted and bound together by the 
roots of trees, would not be washed away, but might bo 
undermined, and thus sink down below the level of the sea, 
until the waves washed sand and shingle over it. This 
operation may have also been assisted by the occasional 
damming uj) of tlu^ brcx)k by the sand and shingle thrown up 
during storms. Bishop Harris informs me that such an ob- 
struction actually occurred in the years 1818 and 1821, and 
the bed of the brook was completely obliterated. On these 
occasions an artificial chanmd was immediately cut; liad 
this, however, not been done, the lower part of the valley 
would have been flooded ; and by this nutans the under strata 
would have become more saturated wdth water, and the in- 
creased pressure would have augmented the tendency of the 
water to escape through them. In confirmati«)n of this 
hypothesis w e tnay observe, that small streams of fresh water 
often pass under the sands of the si^a-beach, so that they 
may be crossed dryshod, whilst the water where it issues 
again may be seen to catTj" out sand and pebbles with great 
rapidity. 

The Rev. W. B. Clarke, after examining the Bournemouth 
submarine peat and several other similar deposits on the 
north side of Poole Harbour, came, in 1838, to a conclusion, 
like that adopted by Bishop Harris and myself, that they 
had been sunk and submerged in modem times by the under- 
mining of the sandy strata on which they rested, and did not 
imply a general subsidence or change of level in that part of 
the coast** 

♦ On lVat-l)og« and Submarine Fomta of Bournemouth. Her. W. B. Claxke» 
Proc. of Gool. Soe., p. 699, 1838. 
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Sidmerged f^r&d in Bay of Fundy^ — One of the beet au- 
thenticated examples of an old upland soil with trees, now 
corered by about thirty feet of water at high tide, occurs 
at Fort Lawrence in the Bay of Fundy, near the boundary 
between Nova Scotia and New Brunswick. Dr. Dawson, an 
experienced geologist and most careful observer, has shown 
that below layers of marine marsh-alluvium containing 
shells of Sanguinohiriu fmca (a bivalve shell probably 
identical with Tellina Baliica^ Linn.), there is a bed of 
tough blue clay, and beneath it an old pt*aiy soil witli erect 
trunks of trees and routs. All the stumps observed were 
those of pine and beech {Pinus t^trohus and Fa{jus ft rrnyinm\ 
trees indicative rather of dry upland tlnin of swampy ground. 
The largest stump of a pine measured two and a half feet 
in diameter and exhibiteil about 200 rings of annual growth. 
Dr. Dawson counted thirty stumps in a limited area, and 
the same formation occurs at so many points as to lead 
him to infer that there has Iwen a vcrj' gcuuTul sinking 
down of the land in the same district. Tlu* i>owerful tides 
of the Bay (»f Fundy, rising and falling 10 feel, cause this 
formation to be peculiarly well exposed to view at many 
points, the deposit being laid bare by the continual encroach- 
ments of the sea.* 

Mineralisation of p/un/x. • - Although the botanist and 
chemist have as yet been unabh? to explain fully tin* manner 
in which wood becomes petrified, it is nevertheless ascer- 
tained that, under favourable circumstances, the lapidifying 
process is now continually going on. A piece of wo^kI was 
procured by Mr. Stokes, from an ancient Roman a<jm*<luct 
in Westphalia, in which some portions were converted into 
spindle-shaped lK)die8, consisting of carbonab* of lime, while 
the rest of the wood remained in a companitively unchanged 
etate.t It appears that in some cases the most j>orishable, 
in others the most durable, portions of plants are pniserved, 
variations which doubtless de|>end on the time when the 
mineral matter was supplied. If introduced immediately, 

• Dawson, Submer^l Forest at Fort f Oeol. Trans., scjcood series, vol. t. 
lAwrrnce. Quart. GeoL Jotirti., vol. xi. p. 212. 
p. 119. ISdi. 



540 


HIKERAIISATIOH OF FLIKTS- 


[Cii. XLVL 

on the fir»t commencement of decomposition, tJien the most 
destructible parts are lapidified, while the more durable do 
not waste away till afterwards, when the supply has failed, 
and so never become petrified. The converse of these cir- 
cumstances gives rise to exactly opposite results. 

Professor Goppert, of Breslau, has instituted a series of 
raluable experiments, in which he hiis succeeded in producing 
some very remarkable imitations of fossil petrifactions. He 
placed recent fenis lx?tween soft layers of clay, dried these in 
the shade, and then slowly and gradually heated them, till 
tlie clay was red-hot. The result was the production of so 
perfect a counterpart of fossil plants as might have deceived 
an exi)erienced geologist. According to the different degrees 
of heat applied, the plants were obtained in a brown or [>er- 
foctly carbonised condition ; and sometimes, but more rarely, 
they were in a black Bhining state, adhering closely to the 
layer of clay. If the red heat was sustained until all the 
organic matter was burnt up, only an impression of the plant 
remained. 

The Bame chemist steeped plants in a moderately strong 
solution of suli)hate of iron, and left them immersed in it for 
several days, until they were thoroughly soaked in the liquid. 
They wi're then dried, and kept heak*d until they would no 
longer shrink in volume, and until every trace of organic 
matter laid disappeared. On cooling them he found that tlie 
oxide formed by t his process had kiken the form of the plants. 
A variety of other experiments were made by steeping animal 
and vegetable substances in siliceous, calcareous, and metallic 
solutions, and all tended to prove that the mineralisation of 
organic bodies can be carried much farther in a short time 
than had been previously sup}K)sed.* 

Imbedding of insecte^ reptUee, and lyinh . — I have observed 
the elytra and other parts of beetles in a band of fissile clay, 
separating two beds of recent shell-marl, in the Loch of 
Kinnordy in Forfarshire. Amongst these, Mr. Curtis recog- 
nised Elaicr lineatus and Aiopa cervina^ species still living in 
i:k^otland. These, as well as other remains which accompanied 

* Geipi^rt, PofrgondorflTs Annalen part ir., Lei psic, 1836. Soo also Ljeff * 
cler Physik und Chemie, vol. xuniii. ‘Student’s Hemsiits,’ p. 45. 
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tbexn^ appear to belong to terrestrial^ not aquatic, species, and 
must hare been carried down in muddj water during an 
inundation. In the lacustrine peat of the same loeolitj, the 
elytra of beetles are not uncommon ; but in the deposits of 
drained lakes generally, and in the silt of our estuaries, the 
relics of this class of the animal kingdom ore rare. In the 
blue clay of very modem origin of Lewes Levels, Dr. Mantell 
has found the Indusia, or cases of the larvie of Fhryganea, in 
abundance, with minute shells belonging to the genera 
Planorbifl, Limnea, &c., adhering to them.* 

Wlien speaking of the mignitions of insects, I pointed out 
that an immense number are floate<l into lakes and seas by 
rivers, or blown by winds far from the land ; but they are so 
buoyant that we can only suppose them, under very ix»culiar 
circumstances, to sink to the bottom l>efore they are either 
devoure<l by insectivorous animals or dectunjMmrd. 

As the bodies of 8evt*ral crocmliles were found in the mud 
brought down to the sea by the river inundation which 
attended an earthquake in Java, in the year we may 

imagine that extniordinary floods of mini may stifle many 
individuals of the shoals of alligators and other reptiles 
which frc*qnent lakes and the delt;iH of rivors in Irojucal 
climates. Thousands of frogs wen^ found leaping about 
among the wreck carried into the sea by tin* inundations 
in Moniyshire, in 1829 ;t and it is evident that whenever a 
sea-cliff is undermined, or laud is swej)! by other violent 
causes inU) the sea, land reptiles may be curried in. 

We might have anticipated Unit the iinb(*dding of the 
remains of birds in new strata would be of very rare occur- 
rence, for their powers of flight insure them against [sTisbing 
by numerous casualties to which quaxlrupeds are exposed 
during floods ; and if they chance to be drowned, or to die 
when sivimming on the water, it will scarcely ever hap]>eii 
that they will bo submerged so as to become preserved in 
sedimentaiy deposits. In consequence of the hollow tubular 
stiaicture of their bones and the quantity of their feathers 
they are extremely light in proportion to their volume; 

• Tran#. Geol. Soc,, voL iii., part i. t T. D. occoaut, 2nd 

p. 201, second series. ed., p. 312. 



642 HCBEDDOrO of TEERESTEXAL QXJAmVFEm. IOmu xlyl 


no that whon first killed thej do not sink to the bottom 
like quadrupeds^ but float on the surface until the carcass 
either rots away or is derourod by predaceous animals^ To 
these causes wo may ascribe the absence of any vestige of 
the bones of birds in the recent marl formations of Scotland ; 
although these lakes, until the moment when they were 
artificially drained, were frequented by a great abundance of 
water-fowl. 

IMBKOniNG OP TERRESTRIAL QUADRUPEDS. 

River inundations recur in most climates at very irregular 
intervals, and expend their fury on those rich alluvial plains, 
where herds of herbivorous quadrupeds congregate together. 
These animals are often suqmsed ; and, being unable to stem 
the current, are hurried along until they are drowned, when 
they sink at first immediately to the bottom. Here their 
bodies are drifted along, together with sediment, into lakes or 
seas, and may then be covered by a mass of mud, sand, and 
pebbles, tlu'own down upon them. If there be no sediment 
superimposed, the gases generated by putrefaction usually 
cause th(‘ bodies io rise again to the surface about the ninth or 
at latest the fourteenth day. The pressure of a thin covering 
of mud would not be sufficient to retain them at the bottom ; 
for we see the putrid carcasses of dogs and cats, even in rivers, 
floating with considerable weights attacdied to them, and in 
8©a-wabT they would be still mor4‘ buoyant. 

WhtTC t]u‘ bod}" is so buried in drift-sand, or mud accumu- 
lated upon it, as never to rise again, the skeleton may be 
preserveil entire ; but if it comes again to the surface while 
in the process of putrefaction, tlie bones commonly fall 
piecemeal from the floating carcass, and may in that case be 
scattered at random over the bottom of the lake, estuarj", or 
sea; so that a jaw may afterwards be found in one place, a 
rib in another, a humerus iu a tliird— all included, jKjrhaps, 
in a matrix of fine materials, where there may be evidence 
of very slight transporting power in the current, or even of 
none, but simply of some chemical precipitate. 

A large number of the bodies of drowned animals, if they 
float into the sea or a lake, especially in hot climates, are 
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inrtantly devoured by sbarkg, aUigatore, and other eamivo^ 
roue animals^ which may have power to digest eveu the bonee; 
but during extraordinary floods, when the gnmtest number 
of land animals are destroyed, the waters are commonly so 
turbid, especially at the bottom of tlie channel, that even 
aquatic 8|)ecies are comj>elled to escape into some retreat 
where there is clearer water, lest they shotild be stifled.^ For 
this reason, as well as the rapidity of sedimentary deposition 
at such seasons, the probability of carcasses becoming per- 
manently imbedded is considerable. 

In some instances, the 8kelt‘tons of (jmidrufM>d8 are met 
with abundantly in n'cent shell-marls in S<H>tlaiKl, where we 
cannot 8upjK>.se them to have boon irnbiHldod by the action 
of rivers or floods. They all belong to 8j>ecies which now 
inhabit, or are known to have Wen indigtMious in Scotland* 
The remains of several hundrenl skel<*tons have Wen pro- 
cured within the last century from live or six small lakes 
in Forfarshire, >vh(‘re shell-marl has been wmked. Those of 
the shig {CrrvHji FJaphus) are most numerous; and if the 
others be arrangt‘d in tin* ord('r of tlieir relative abundance, 
they will follow nearly thus — tlu* ox, the boar, the horse, the 
sheep, the dog, the hare, the fox, the wolf, and tlu» cut. The 
beaver swms extreimdy rare; but if lias Ix^eu found in the 
shell-marl of I-iOch Marlie, in Perthshire, and in the parish 
of Edrom, in Berwickshire. 

In the great<‘r part of these lake-di'posits there arc no 
signs of floods; and the ex[)an.se of water was originally so 
confined that the smallest of the above-mentioned (juadrupeds 
could have crossed by swimming from f»nc^ sliore tt» the 
other. Deer, and such Rp<»cies as take* readily to the water, 
may often have Wen mired in trying to land, where the 
bottom was soft and quaggy, and iu their efforts U} escape 
may have plunged deeper into the marly l^dtom. Bui many 
individuals, I suspect, of different species, have fallen in 
when crossing the frozen surface in winter; for nothing can 
be more treacherous than the ice when covered with snow, 
in consequence of the springs, which are numerous, and 
which, retaining always an equal temperature, cause the ice, 
iu certain spots, to be extremely thin, while in every other 
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part of the lake it is strong enough to bear the heariest 
weights. 

Flood in the Solway Firth, 1 794. — One of the most memor« 
able floods of modem date, in oar island, is that which 
visited part of the southern borders of Scotland, on the 24th 
of January, 1794, and which spread particular devastation 
over the country adjoining the Solway Firth. 

We learn from the account of Captain Napier, that the 
heavy rains had swollen every stream which entered the 
Firth of Solway; so that the inundation not only carried 
away a great number of cattle and sheep, but many of the 
herdsmen and shcpherdH, ivashing down their l)odios into the 
estuary. Aft<»r tin? stonn, when the flood subsided, an extra- 
ordinary sp(‘ctacle was seen on a large sand-bank called ‘the 
beds of Esk,’ where there is a meeting of the tidal waters, 
and where heavy bodies are usually left stranded after great 
floods. On this single bank were found collected together 
the bodies of 9 black cattle, horses, 1,840 sheep, 45 dogs, 
180 hares, besides a great number of smaller animals, and 
mingled with the rest, the corpses of two men and one 
woman.* 

Floods in Scotland, 1829. — In those more recent floods in 
ScoUaiul, in August, 1829, whereby a fertile district on the 
east coast became a scene of dreadful desolation, a vast 
number of animals and plants were washed from the land, 
and found scattered about after the storm, around the mouths 
of the principal rivers. An eye-witness thus describes the 
aceiie which presented itself at the mouth of the Spey, iu 
Morayshire: — ‘For several miles along the beach crowds 
were employed in endeavouring to save the wood and other 
wreck with which the heavy-rolling tide was loaded ; whilst 
the margin of the sea was strewed witli the carcasses of 
domestic animals, and with millions of dead hares and 
rabbits.*! 

Savaufiahs of South America , — We are informed by Hum- 
boldt, that during the periodical swellings of the large rivers 

♦ Treatise on Practic4il Store Farm- Moriiyebire, 1829; and above, VoL I. 
iog, p. 26. p. 346. 

t Sir T. D. Landers Floods in 
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in South AmBrica great numbera of quadrupeds are auiiualljr 
drowned. Of the wild horses, for exauifde, which grase iu 
iuimense troops in the savannahs, or level grass j plains, 
thousands are said to perish when the river Apure, a tributary 
of the Orinoco, is swollen, befon> they have time to reach the 
rising ground of the Llanos. The mares, during the season 
of high water, may be seen, followed by their colts, swimming 
about and feeding on the gniss, of which the top alone waves 
above the waters. In this sUite they are pursued by croco- 
diles; and their thighs frequently bear the i)riut^ of the 
teeth of these carnivortms reptiles. ‘ Such is the pliability,’ 
observes the celebrated traveller, * the orgjiiiimition of the 
animals which man has subjeet4Hl to lus sway, that horses, 
cows, and other species of KnrojHHin origin, lead, for a time, 
an amphibious life, surrounded by croeodiU^s, water-seqients, 
and manaWs. Wh('n tin* rivers rtdurri again into their Wds, 
they roam in the savannah, wdiieh is then s]>read over with a 
fine odoriferous grass, and enj<»y, as in their imtiv** climate*, 
the renewed vegetation (>f spring/* 

Floofh of the Parauii, — The gn*at mnnlsT of animals which 
are drowned in seasons of dronglit in the tril)utaru*s of the 
Plata was lxd(»re inentif)ned. Sir W. Parish statics that the 
Parana, flowing from the mountains of Brazil to tlio estuary 
of the Plata, is liable to great Hoods, and during omM>f these, 
in the year 1H12, vast (juautiti4*s of cuttle were earned away, 
‘ and when the waiters began t4> 8ul>si<le, and tlie islands 
which they had covered became again visible, the whole 
atmosphere for a time was poisoiKMl by tin* effluvia from the 
innumerable carcussi^s of skunks, capybaras, tigers, and other 
wild beasts whicdi had lx*en drowned. ’t 

Floods of the Garu/en , — We find it continually stated, by 
those who describe the Ganges and Burnim{M>f)ter, that these 
rivers carry before them, during the floo<l seiison, not only 
floats of reeds and timber, but dead bodies of men, deer, and 
oxen.J 

Java^ 1699. — I have already referred to the effects of a 
flood which attended an earthquake in Java in 1099, when 

♦ Humboldts Pew. Nar., voL ir, t Bueno* Ayr®* and JA p, IS7. 
p. 394. X MalU-Bnin, O^og , voL iii. p, 22. 
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tbe turbid waters of the Butavmn lire? deetrojed all the 
dih except the carp; and wben drowiied bufTaloea, tigers, 
rhinoceroses, deer» apes, and other wild beasts were brought 
down to the sea-coast by the current, with several crocodiles 
which had been stifled in the mud. (See above, p. 159.) 

On the western side of the same island, in the territory of 
Galongoon, in the Kegeiieies, a more ri>cent volcanic eruption 
(that of 1822, b<?fore deHcrilH‘d— see above, p. 57) was attended 
by a floo<l, during which the river Tandoi bore down hundreds 
of carcasm»s of rhiiKK’eroses and buff’altM*s, and swept away 
more than 10<» men iiiul women fn»m a multitude assembled 
on its banks to celebnih* a festival. Wln^iher the iKxlies 
remdied the sea, or were deposit4*d, with drift matter, in 
some of the large inten*eniiig alluvial jdains, we are not 
iiifi»rmed.^ 

Sumatra . — * On tlit* coast of Orissa/ says Heynes, ‘ I have 
S 4 n:»u tigers and wlude herds of bla<*k cattle carried along by 
what are called freshes, and trees of immense size/f 

r*r;/(at<i, 1771.' I might eininuTate a gr<*at numU^r of 
liMHil deluges that have 8Wt‘pt through the fertile lands 
Ixmlering on large rivers, especially in tropical countries, 
but I Khcadd surpass the limit.'n assigned to this work. I 
may observe, howevtT, that the <h*strnctiun of the islands, 
in rivers, is often uttendt*d with great los.s of lift*. Thus 
when tin* juincipal river in Virginia rest*, in 1771, to the 
height of 25 ft‘t*t abovt* its t>rdinary level, it swept entirt ly 
away Klk Islaml, on whit‘h wore 7<M» head of ipiudru- 
jhhIs,' hoi-ses, oxen, shet‘p, ami hogs, — and nearly 1<H> 
houses. J 

The retuler will gather, from what was bt'fore said re- 
8|)ecting the dej)Ositit>n of sediment by aque<ms causes, that 
the greater muubtT of the remains of fjimdruj>eds drifted 
away by rivers must be intercepted by lakes before they 
reach the sea, or buried in freshwater formations near the 
mouths of rivers. If they are carried still fartlier, the pro- 
babilities are increased of their rising to the surface in a 

♦ Thift account I had from Mr, Baum* f Tracts on India, p. 307. 

haucr. Din'ctor -General of Finance* in J Scots Mag., vol. xxxiii. 

Java, 
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«t«te of imtrefiietioiiy ud, in tliat of being there deroured 

by mqaatie benetn of prey* or of iubeiding into »0me S}>oti» 
whither no fediinent in conveyed* and* conmMjuently* wherct 
every vestige of tliem will* in the course of time* dbappear. 

Mammalmn rtmiiim m mnrine Mimin, — A« the bones of 
mammalia are often »o abundantly pn^»erv*Hl in jn^at* and 
such lakee a« have ju«t been diwrib^nl^ the encnsudiineuta of 
tlie sea upon n coast must sometimes tlm>wdoivn the imbnldtHl 
skeletons, m that they may W carried a^vay by tid<*s and 
currents, and ent^imlknl in stibinarine formaitoiis. Some of 
the smaller quadruisnls, also, which burixnv in the gnuuid, 
as well as reptiles and every s[a*cies of plant, art? liabh* t4> Imi 
cast down into the waves by this t'uum% wliich must not bt* 
overlot^ktMl, althou^du pt^rhaps, of eujnj«irative!y stUiUl iin- 
|>ortanee amo!e^»’st the numerous a*;ents wht^rtd>y tern^striul 
organic remains are included in Hubmarim* stmt a. 

During the great earthquakt' i»f tVmeeption in lKd5, some 
ciittle, which were Htandiug <»n the steep sides of the island 
of Quiritjuiiia, wt»n* ndlc<l by tin* slns k int<» the S4*a, while 
on a low island at the licad of the Bay of iVmctqvtion s<*venty 
animals were washed off hy a great %vave and tlrowned.* 
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CHAPTER XLVII. 

IMBSDDIKO OP THE REMAINS OP MAN AND HIS WORKS IN 
SUBAQfEOUS STRATA. 

imtmjfo t>r iu ma ^ m thk «r.* hy uivkk twf - now ifrwAX 

toRPKK^ MAY HK PHRsKHVIt!) IN l<»<'K}rT I>RW)*HT*» —Fimil. HKRLKTOJf’^ MF MFN 
Kl’MItKU Ot WUISrKKU ry.nHm.H- ro** 111 , ( ANi>fc*». MHIPh, ANll OF ART 

< HKMK AI. ( tlASaiBh WHU H MKIAM.IC AU'Ik l K.s HAVE I NDEK J<*NE ArfFU 
I.O.VU irHMRIt<iKNrE -IMHKUIHXii uF riTIK" ANH FoURHTM IN St lUQl'EOr^ 
8TUATA HY HI ItSIDKNCK -KARTHgtAKK OF ( t'TCII IN 1 8 U) — NF H1F.I> TEMPI-FIS 
OF (ASHMt Wt- HKRKKI EY’s AUOl MKNTm I Oli TIIP. HIU^RNT D.V FK of THK 
4 KKATION OF MAN™ MoNFMKNTs ol rHK*in<*TORf( MAN HlSi oVKlIkl) IN pos t- 
TKRTIAHY MTItATA. 

[ 8HALL now proceed U) enquire in what manner tin* mortal 
rc»mnin« of man and the Yvcirkn of hi« hands may la* j)er- 
[iiHiiently j)reK(»rved in Rubaqueous strata. Of the many 
hundn'd million human Wing^R which ]>erish in the* course of 
every c<mtury on the hind, eveiy vestiijfe is usually destroyed 
in a few thousand years; but of the smaller numlNT that 
jM*rish in the waters, a ciTtain j>ro)M>rtion must Ix* laitombed 
under circumsUineeH that may enable parts of them to endure 
throughout entire ideological epochs. 

The bodies of men, tojdether with those of the inferior 
animals, are occasionally waslual down during river inunda- 
tions inb) seas and lakes. Ikdzoni witnessed a Hood on the 
Nile in Siqdember, 1818, where, although the river rose 
only three fet't and a half above its c^nlinary level, several 
villages, with some hundreds of men, women, and children, 
were drowned.* It was before mentioned that a rise of six 
feet of water in the Ganges, in 176;], was attendeil with 
a much greater loss of life. (See alx>ve, Vol. I. p. 472.) 

In the year 1771, when the inundations in the north of 

* NaiTAtiT® of DiaeoYery m &c.. London, 1820 
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Eaglaad appear to hare equalled tlie floods of Morajsliire 
in 1S29» a gn^at number of houses and their hihabitanta were 
swept awaj by the rivers Tyue» Cam* Wear, Teea, and Greta ; 
and no less than twenty-one bridges were destroyed in the 
courses of Giese rivers. At the village of Bywell the AockI 
tore the dead bodies and coflius out of the churchyard, and 
bore them away, together with many of the living inhabit- 
ants, During the same tem^K'st an immense number of cattle, 
horses, axid sheep were also tranaj)ortiHl to the sea, while the 
w hole coast was covered with the wn^ck of ships. Four cen- 
turies before (in the same district had bi-Wi visiUMl hy 

a similar continuance of heavy rains fidlowcnl by disastrous 
flcx»<ls, and it is not iinj»robable that these catastro(>hes 
may recur jieri^Klically, though uncertain intt*rvals. 

As the pipulatiun iii(‘n*aHi‘s, and huilding>j and bridges are 
multiplied, we must exjs ct the K^ss of Hvt^s and profM*rty to 
augment.^ 

i*ri^**rv<i(ion tif human in the tad nj the gen, — If t4> 

the hundreds of human IkwHcs committed U) tlie deep in the 
way of orilinary burial we add ihose of individuals lost by 
shipwrei’ks, we shall find that, in the f’uurHc of a single 
year, a great mimbtT uf human numiiiiH an* coimigneil to 
the subaqueous regions. I shall hen/after advert to a <*alcn- 
lu,tion by which it iii>pearsthut more than oOO Uritinh vensels 
alone, averaging each a burden of alxmt 12d tons, were 
wrecked, and sunk to the bottom, annually U*tw(M*ii the 
years 1793 and lH29. Of tliesi* the crews for the most part 
escape, although it sometimes happens that all perish. In 
one great naval action several thousand individuals SfUiic*- 
times slmre a watery gnivt*. 

Many of these cor])ses are instantly d<?voured by predaceous 
fish, sometimes before they reach tlie bottom ; still more 
frequently when they rise again to the surfa^^e, and float in a 
state of putrefa<*tion. Many decoiiijH>se on the fl<K>r of the 
ocean, in places w here no sediment is thrown down ujkui (luun ; 
but if they fall u}>on a reef wheni^ conils and shells are be- 
coming agglutinated into a mAid rock, or subside where the 


Seou MAg. rot xxxut 1771. 
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delta of a riTer u adTancing, thej maj be preserved for an 
incalculable serieii of ages. 

Often at the distance of a few hundred feet from a coral 
reef, where wrecks are not unfrequent, there are no sound* 
ings at the depth of many hundred fathoms. Canoes, mer- 
chant vessels, and ships of war may have sunk and have 
been envelopf^l, in such situations, in calcareous sand and 
breccia, detached by the breakers from tbe summit cf a 
submarine mountain. Should a volcanic eruption liappen 
ti) cover such remains with ashes and sand, and a current of 
lava Ih 3 afterwards poured over them, the ships and human 
skeletons might remain uninjured Iwuieath the su[)erincum- 
Ixmt mass, like the houstfs and works of art in the subter- 
ranean cities of Campania. Already many hiiinan remains 
may have been thus preserved beneath formations more than 
1,(M)() feet in thickness; for, in some volcanic archipelagos, 
a period of thirty or forty centuries niiglit well be supposed 
8uffi(ueut for such au accumulation. 

Even on that j)art of the floor of the ocean to which no 
accession of drift mutUu* is carric^d (a part which probably 
eonstituU»s, at any given jHjriod, by far the larger proportion 
of the whole submarine area), there are circumstances 
accompanj’ing a wr<3ek wdiich favour the conservation of 
skeUdons. For when the vessel fills suddenly with water, 
especially in the night, many persons are drowned between 
decks and in their cabins, so that their lx>die8 are prevented 
from rising again to the surface. The vessel often strikes 
upon an uneven bottom and is overturned ; in which case 
the ballast, consisting of sand, shingle, and rock, or the 
cargo, fre<iuently composed of heavy and durable materials, 
may be throwm down upon the carcasses. In the case of 
ships of war, cannon, shot, and other warlike stores may 
press down with their w^eight the timbers of the vessel as 
they decay, and l)eneath these and tbe metallic substances 
the bones of man may be preserved. 

Power of human remains to resisf dteay , — There can be no 
doubt that human remains are as capable of resisting decay 
as are the harder parts of the inferior animals ; and I have 
already cited the remark of Cuvier, that ^ in ancient fields of 
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battle the bones of men hate suffered as tittle deeompoattion 
as those of horses which were baried in the same grare^* 
<See above, VoL !• p. 165.) In the delta of the Ganges bones 
of men have been found in digging a well at the depth of 90 
feet ; * but as that river frequently shifts its course and fills 
np its ancient channels, we are not called uiK>n to suppose 
that these bodies are of extnnnely high antiquity, or that 
they were buried when that part of the surrounding delta 
where they occur was first gaintHi from the sea. 

Several skeletons of men, more or less mutilated, have 
been found in the West Indies, on the north-west coast of 
the main land of Guadaloupe, in a kind of rock which is 
known to bt' forming daily, and which consists of minute 
fragments of shells and conils* incrusted with a calcareous 
cement resembling travertin, by which also the diflerent 
grains are bound together. Tin* lens shows that some of the 
fragments of coral composing this stone still rt»tain the same 
red colour wlu<‘h is seen in the r»‘t‘fs of living conil which 
surround the island. Tlie slndls Isdong to HjMX'ies of the 
neighbouring s(*a intoniiix**tl with some terivstrial kinds 
which now live on tlie island, and among them is the 
Bulimm (hiailaloupmnn of Kifrussac. The human skeletons 
still retain some of their animal matter, and all their phos- 
phate of lime. One of them, of which the head is wanting, 
may now be schui in the British Museum, and another in the 
Royal Cabinet at Paris. According to M. Kunig, the rock in 
w hich the former is enclostNj is harder under the mason’s saw 
and chisel than statuary marble. It is described as forming 
a kind of glacis, probably un indurated beach, which shuits 
from the steep cliffs of the island to the sea, and is nearly 
all submerged at high tide. 

Number of wrecked r^emeln, — When %ve reflefd on the number 
of curious monuments consigned to the l)4*d of the ocean 
in the course of every naval war from the earliest times, our 
conceptions are greatly raised re8p€K*ting the multiplicity of 
lasting memorials which man is leaving of his labours. 
During our last great struggle with France, thirty-two of 


* Von Hoff, Tol 1 . p. 379. 
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Qur sbipi of the line went to the bottom in the spaee of 
twenty-two years, besides seren 50-gun ships, eighty-six 
frigat^ and a multitude of smaller vessels. The naTies of 
the other European powers, Pranee, Holland, Spain, and 
Denmark, were almost annihilated during the same period, 
so that the aggregate of their losses must have many times 
exceeded that of Great Britain. In every one of these ships 
were batWries of cannon constructed of iron or brass, whereof 
a great number had the daUfS and places of their manu- 
facture inscribed ujKin them in letters cast in metal. In 
each there were coins copper, silver, and often many 
of gold, capable of serving us valuable historical monu- 
ments ; in t^ach were an infinite variety of instruments of 
the arts of war and j>eace; many foniie4l of materials, such 
as glass liud earthenware, capable of liisting for indefinite 
ages when once removed from tlie uieclianical action of the 
waves, an<l buried under a nuiss of matter which may exclude 
the corroding action of s<‘a- water. The quantity, moreover, 
of timber whicli is conveyed from the land to the Wd of the 
sea by the sinking of sliips 4>f a large is enormous ; for 
it is comput4^d that 2,0(»0 tuns of w’ood an^ required Ibr the 
building of one 74-gun ship; and reckoning fifty oaks of 
100 years' growth to the acre, it would rt^|uire forty acres of 
oak forest build one of tliem^ vessels.* 

But it would hi* an error b> imagine that the furj’ of war is 
more conducive than the peat*eful H[»irit of (‘ominercial enter- 
prise to the accumulation of wrtaked vessels in the hi‘d of 
the sea. From an examination of Lloyd's lists, from the 
year 179;! to the cummeneeineiit of 1829, the Jute Adminil 
Smyth ascertained that the number of liriii^h vemeU alone 
lost during that period amounte<l on an average to no less 
than one and a half daily ; an extent of loss which would 
hardly have been anticipated, although we h^am from Mo- 
reau’s tables that the nuuibtT of merchant vessels employed 
at that time, in the uavigiition of England and Scotland, 
amounted to about 20,000, having one with another a mean 
burden of 120 tons.f According to Lloyd’s list for the 

• Quftrt, Journ. of Agricult * No. ix. t Cawtir Moreau *k Tablca of the Na- 
p 4S3. vigmtion of Great Britain. 
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years 1829^ 18S0» and 1881, no less than 1,988 vessels were 
lost in those three years, their average tonnage being about 
180 tons, or in all nearly 800,000 Uuis, being at the enormous 
rate of 100,000 tons annually of the merchant vessels of one 
nation only. 

Out of 851 alui>j of the Ri»yal Navy lost to the country 
during the pi*riod above mentioned, only 160 were taken or 
destroyed by the enemy, the rest Imving either stranded or 
foundered, or having Uhmi burnt by accident : a striking 
proof that the dangers of our naval warfare, however great, 
may la? far exceede<l by the sturni, the shoal, the lee-shore, 
and all the oilier {Kurils of the deep.* 

Ill the wreck rcgisUT for 1H66, jniblished by the Btaml of 
Trade, the numbi^r of shipwrecks and otluT casualties at sea 
is stated at no less tJian 1,S<>0 on the coiist of tin* United 
Kingdoui and in the a<ljacent seas, ami tin? numlx^r of 
}R‘rsons drowned as SOO, showing how greatly the U*»s in* 
cmises from incrt?asing m:tivity in eonuncrce. 

lluried raiuita^ and irarkn of a r/. — When a vessel is 

stranded in shallow water, it usually lH*coint*s tht* nucleus of a 
sandbank, as has be(Ui extunplified in several of inir harbours, 
and this circumstance tends grt*atly to its preservation. 
BetwetUi the years 17H) and 1790 a vessel from Purbeck, 
laden with oOO tiuis of stone, struck on u shoal off the 
eiitranci* <»f P^nde Harbour and foundered ; the crew were 
saved, but the vessel ami cargo remain to this day at the 
bottoiii. Since that jM^riod the shoal at the entrance of the 
luirlMiur has so extended itself in a westerly dinfctam towards 
Peveril Point in Purbeck, that the navigable channel is thrown 
a mile nearer that point. t Tin* cause is obvious; the tidal 
current deposits the sediment with which it is charged around 
any object which checks its velocity. Matter also drifted 
along the bottom is arrested by any obstacle, and accumulaies 
round it, just as the African sand-wimlK, Wfure descrilml, 
raise a small hillock over the carcass of every dead camel 
exp 08 e<l on the surface of the des^. 

I before alluded to an aucieut Dulcli vessel, discovered in 

♦ 1 giv« Hitm* Mulu oo th«? autlior* ♦ Thii iiccountl rtsctnvmi {romBi»hop 
ity ot the lute Admiral R.N. Uame. 



BITEUD mm Am wobkb of ABT. tc** xlwl 


m 

the deeerted channel of the river Bother, in Sussex^ of which 
the oak wood wan much blackened, but its texture unchanged. 
(See above, Vol. L p. ) The interior was filled with fiuria* 
tile silt, as was also the case in regard to a vessel discovered 
in a former bed of the Mersey, and another disinterred where 
the St. Katherine Docks are excavated in the alluvial plain 
of the Thames. In like manner many ships have been found 
preserved entire in modern strata, formed by the silting up of 
estuaries along the southern shores of tlie Baltic, especially 
in Pomerania. Between Bromlx^rg and Nakel, for example, 
a vessel and two anchors in a very perfect state were dug up 
far from the sea.* 

Several vessels have l>eeu lately detected half buried in the 
delta of the Indus, in numerous d(‘aerted branches of that 
river, far from where the stream now flows. One of these, 
found iH^ar Vikkar in Sinde, was 400 tons in burden, old- 
fashioned, and pierci'd for fourteen guns, and in a region 
where it had l>een matter of dispute whether the Indus had 
ever been navigable by large vc'ssels.f 

At the mouth of a river in Nova Scotia, a schooner of 
32 tons, laden with live stock, lying with her side to 
the tide, when the bon% or tidal wave, which rises there 
about 10 feet in perpendicular height, rushed into the estuary, 
and overturned the vessel, so that it instantly disappeared. 
Afk^r the tide had eblHMl, tlu* schooner w^as so totally buried 
in the sand, that the tattVel or upper rail over the stern was 
alone visible. J We are informed by Leigh that, on drain- 
ing Miirtin Mere, a lake eighteen miles in circumference, in 
Lancashire, a bed of marl was laid dry, wherein no fewer 
than eight canoes were found imbedded. In figure and 
dimensions they were not unlike those now used in America. 
In a morass about nine miles distiint from this mere a whet- 
stone and an axe of mixed metal were dug up.§ In Ayrshire, 
also, three canoes were found in Loch Boon early in the 
present century; and during the year 1831 four others, each 

♦ Ton Hoff, Tol i, p. 368. who citoA Penn. 

t LieuL Cariosa, Geograph. Jooni. J Leigh's Lancashire, p. 17» a4>. 
vol. viii. p. 338. 1700. 


Qe<^. Lectnm, p. 78, 
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beini oot of a single oak-tree* Hief were 23 feet in lengtli» 
2^ in depth, and nearlj 4 feet in breadth at the stenu In 
the mud whieh fiQed one of them were found a war-elub of 
oak and a stone battle-axe* A canoe of oak was also found, 
in 1820, in peat overlying the shell- marl of the Loch of 
Kinnordy in Forfarshire.* 

Manner in which ehipn may he prenerved in a deep — It is 
extremely j)088ible that the 8 ubmergi*d woodwork of ships 
which have sunk where the sea is two or llmH^* miles deej) has 
undergone greater chemical changes in an equal spaci* of 
time than in the cases alH)ve mentiomHl; for the ex[H^rirnent« 
of Scoresby show that wood may at certiiin depths In? impreg- 
nated in a single hour with salt water, ho that its sfHH’ific 
gravity is entindy altennl. (S<m* abiive, p. od 2 .) it may often 
happen that springs charged with carbonaU* of lime, nilex, 
and other minenil ingredif‘fitH, may issue at grtnit depths, in 
which case every pore of the vegtdahle tissue may lx* injtMdixi 
with the lapidifying liquid, wludher calc areous <»r siliceous, 
before the smallest decay coininences. Tin* conversion, also, 
of wixxl into lignite is ]>robably more nijud under eiiormous 
pressure. But the chung<* of the timlx»r into lignite <*r coal 
would not prevent the original form of a ship from Ixung dis- 
tinguished ; for as we find, in strata of the carbunifi*roUH era, 
the btirk of the hollow reed-like tre<‘s convertcxl into <*oul, and 
the central cavity filled with sandstone, so might we tmce 
the outline of a ship in coal; while in the iiidunitid mud, 
sandstone, or limestone, filling the interior, we might dis- 
cover instruments of human art, ballast consisting of rocks 
foreign to the rest of the stratum, and other contents of tin* 
ship. 

Submerged metallic suhnlanc^^n , — Many of the metallic sub- 
stances which fall into the waters pn)bably lose, in tin* course 
of ages, the forms artificially imparbMl to them ; but under 
certain circumstances these may be preserve<l f<jr itnlefinite 
I)eriod 8 . The cannon enclosed in a calcareous r<x*k, drawn 
up from the delta of the Rhone, which is in>w in the museum 
at Montpellier, might probably have endured as long as the 

♦ G«ol. Turn*, soecmd rol ii. p. 87. Fur buh«<J cnntm rimr 

fte * Aatiqidtj of Han,* p. 48. 
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calcEreoQi matrix ; bnt even if the metalHc matter had been 
removed^ and had entered into new eombinationB, Btill a 
mould of it« oriifinal »hape would have been left, correspond- 
ing to those impressions of shells which we see in rocks, from 
which all the carlKimite of lime has been subtracted. About 
the year 1776, says Mr. King, some fishermen, sweeping for 
anchors iu the Gull-stream (a part of the sea near the Downs), 
drew up a very curious old swovel gun, nearly eight ft.*et in 
length. Th<f barrel, which was about five feet long, was of 
brass; but tlie bundle by which it was traversed was about 
three feet in lengtli, unci the swivel and pivot on which it 
tunj(*<l were of iron. Around these hift4*r were formed in- 
crustations of sand converted into a kind of stone, of ex- 
ceedingly strung texture and firiiinesH; wliereas round the 
barrel of the gun, except where it was near adjoining to the 
iron, there wmto no such incrustations, the greater part of 
it being ch'un, and in good condition, just as if it Imd still 
continued in use. In the incrusting stone, adhering to it on 
the outside, were a nuniber of shells and corallines, ‘just as 
they art‘ otlen found in a fossil 8tatt\' These were all so 
strongly attached, that it recjuired its much force to separate 
them from the matrix ‘as to break ii fragment ofl’ any luird 
rock.’ * 

In the year 17 continues the sam«* writtT, the Fox man- 
of-war was stmiuled on the coast of East Ixdhian, and w’ent 
to piec«*H. About tliirty-hve years afUn^wairds a violent storm 
laid bare a part of the wnM*k, and threw up near the phice 
several masses, ‘consisting of iron, rop<*s, and balls,’ covered 
over with v>chreous sand, ci>ncret4Hl anti hardened int<:» a kind 
of stont‘. The substum^e <»f the was very little altered. 
Tlie consolidated saml retaiiuMl pt^rfect imprt^ssions of parts 
of an iron ring, ‘just as impressions of extraneous fossil 
bcxlies are found in various kinds of strata.* t 

After a storm in the year 1824, which occasioned a con- 
siderable shifting of the sands near St, Andrew’s, in Scotland, 
a gun-barrel of ancient construction was found, which is con- 
jectured to have belonged to one of the wrecked vessels of 


♦ Phil. Tnms., 1779. 


t Ibid, vol bdx, 1779. 
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the Spanish Armada. It is now in the musenm of the Anti* 
qnarian Society of Scotland, and is incrusted over by a 
thin coating of sand, the grains of which are cemented by 
brown ferruginous matter. Attached to this coating are 
fragments of various shells, as of tlie common Cardium, 
My a, Ac. 

Mari)^ other examples art? recorded of iron instruments 
taken up from the be<i of the sea near the British cimst, 
int'ased by a thick coating of conglouu»nite, consisting of 
|>ebbles and sand, cemented by oxide of iron. 

Dr. Davy desK'ribi^s a bronz<‘ ludnu t, of the unii(|ue Or<H;ian 
form, taken up in 1825, fnun a shallow part of the sea, 
b<Hw«H?n the citadel of t'orfu and the villagf* of ("astnules. 
Both the interior and exteri<»r of the helmet wen* inirtially 
incrusteil with shells ami a deposit of carlH»nule of lime. The 
surface generally, both under tlie incrustation and where 
fr€*ed from it, was of a varicgati'd colour, mottled with sfM)ts 
of green, dirty white, and red. On minute iiiK|M ctitm with a 
leiis, the green and red patches proved t4> (‘onsist of (Tvstals 
of the red oxide and carlxmate of copper, and the dirty white 
cliieflv of oxide of tin. 

The mint*nilising [process, says Dr. Davy, whicli has pro- 
duced these new comhinati<mH, has, in general, ptmetnUed 
very little ink> the substance of the helmet. Tin* ineruKtatiou 
and rust removed, tlie metal is found bright lM*neath; in 
some places considerably corroded, in fdliers verj’* slightly. 
It proves, on analysis, to In* eopjHT alloye<l with 1H*5 jH*r 
cent, of tin. Its colour is that of our common brass, and it 
jK)88eBses a considenible degrc*e of flexibility. 

‘ It is a curious cjuestion,’ he mlds, ‘ how the crystals were 
fomruMl in the lielmei, and on the adhering cal(*ar<*ous de- 
posit. There being no reason to Hnpp<^M4e depositifui from 
solution, are we not under tlie necessity of inft*rring, that the 
mineralising pn>cess dej>c*nds on a small motion and s(*para- 
tion of the particles of the original eomjHiundf* This motion 
may have been due Uj the ofs*nition of electro-chemical 
powers which may have separated the different metals of 
the alloy.* • 


Phil. Tran*,, 1826, i>art ii. p 
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Millkmi of ftiher dolUuni and other c^ns hsTO been aome- 
timea anbmerged in a single ship, and on these, when they 
happen to be enveloped in a matrix capable of protecting 
them from chemical changes, much information of historical 
interest will remain inscribed, and endure for periods as in- 
definite as have the delicate markings of zoophytes or lapidi- 
fied plants in some of the ancient paleozoic rocks. In almost 
every large ship, monxiver, there are some precious stones set 
in seals, and other articles of ujw* and oniainent composed of 
the hardest substances in nature, on which letters and variotis 
images are carved —engravings which they may retain when 
includf*d in suba<ju*^us strata, as long as a crystal pn^serves 
its naitmil form. 

It was, tli(*refere, a splendid boast, that tlu* deeds of the 
English chivalry at Agiiicourt made Henry's chrunicle 


uj* rich wjth praiw- 

Ah IK ihr- (in<l U)Uorn of the 

With Ktinki'U wrwk au<i sumietus tTeahuncK , 


for it is pndntble that a greater number of monunuuits of 
the skill and industry of man will, in the course of ages, be 
collected together in the Ix'd of the oc(\Hn, than will exist at 
any one time on the surface of the continents. 


riTIKH ANl> FOUEHTS SUnMEKOEl) HY THE SUBSIDENCE OF 

LAND. 

Examples of tlie sinking down of buildings, and portions 
of towns near the shon\ U) varit>us dt^pths beneath the level 
of the sea during snbteminean movenumts, wei'c enumerated 
ill the first voluims C'hapter xxiv. The events alluded to 
were comprised within a brief portion (»fthe historical f>eriod, 
and eonfintnl to a small numlKT of the rt^gions of active vol- 
canos. Yet tliese authentic facts, relating merely to the last 
century and a half, gave indications of considerable changes 
in the physical gcogmphy of the glolx*, and we are not to 
suppose that these were the only spots througliout the sur- 
rounding land and sea which suffered similar depressions. 

If, during the short period since South America has been 



oi* XLm] mr tm scamdikok of usd, 

eokmiFed by Europmns, we have pro<rf of altemtioiie of level 
at the three principal porta on the western shorett OGUlao, 
Valparaiso, and Conception,* we cannot for a moment suspect 
that these cities, so distant from each other, have been 
selected as the peculiar points where tlie desolating power 
of the earthquake has ex[)ended its chief fury. On i!on- 
sidering how small is the area occupied by the 8<mj>orts of 
tliis disturbed rt>gion — jK>inis where alone etich slight change 
of the relative level of tlu* sea and land can be recognised, — 
and reflecting on the proofs in our jumt^sion t>f the local 
revolutions that have hapjanuMl on the site of each jiort, 
within the last century and a half, — our conceptions must lie 
greatly exaltis:! resjx^ctiug tin* magnitude of the alterations 
which the country lietween the Amies and the sea may have 
undergone, even in the course of the last six thousand years, 

Cnirh earth <juakt\ — ^The maniuT in which a large extent of 
surface may lx* submerged, so that the t<?rrestrial plants and 
animals may be iinlx‘<lded in hubaquoous strata, cannot he 
better illnstnited than by tin* eartln|uakt* i>f Cntcli, in 1810, 
Ix^fore alluded to (p. 07). It is stated that for some years 
aft<*r that eartlnpiake, the withered tamarisks and <dher 
shrubs protruded their tops above the wavt*s, in parts of the 
lagoon funned hv sul>8ifleme, <ui tin* site of the village of 
Sindree and its environs ; but after the Ibswl of 1826, they 
were m*n no longer. Every geologist will at once {H*reeive 
that forests sunk by Huch subterraneuu movements may l>e- 
come imbedded in Hulxupieous dejMisits, both fluviatile and 
marine, and the trees may still remain <*rect, or sometinu^s 
the roots and iwirt of the trunks may eoiitiime in their 
original position, while the current may have broken off, or 
levelled with the ground, their upj»er stems and hranches. 

Jimldinij$ how preserved undt r water,- Some of the buildings 
which have at diS'erent times subsided beneath the level of 
the sea have btx;n immediate*!}' ci>vert*d up to a (Certain extent 
with strata of volcanic matU^r showered down ujxm them. 
Such was the case at Tumboro in Sumbawa, in the present 
century, and on the site of the Temple of Serapis, in the 


• S<?e above, pp. 90, 94, li^4, 150. 
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enirirons of Puasznoli, prolmbly about the 12th century. The 
entrance of a riyer charged with sediment in the ricinity 
may still more frequently occasion the rapid enyelopment of 
buildings in regularly stratified formations. But, if no foreign 
matter be introduced, the buildings, when once removed to a 
depth where the action of the waves is insensible, and where 
no great current ImpfHUis to flow, may last for indefinite 
periiids, and l>e as dunible as the fl<x)r of the ocean itself, 
which may often com|M)«ed of the very same materials. 
There is no reason to douhi the tradition mentioned by the 
classic writers, that the submerged rirt*eian towns of Burn 
and Helice were seen under water; and mins of old sub- 
merged towns an* mentioned by Captain Sprutt as b^'ing 
visible in the sea (iff tlie eastern extremity of Crete or Candia. 
It has b<‘en already imaiiioned that dift’erent eye-witnesses 
have obHerv(*(l the houses of Port Royal, at the l>otb>m of the 
sea, at intervals of HR, 101, and l td years after the convul- 
sion of 1002 (p. 100). 

Buried ifnnplen of Cmhmere. — Tlu^ C(*l('brated valley of 
Cashmen* (or Kashmir) in India, sit uat(*d at tin* southern fixd 
of the Himalaya rang(‘, is about tK) mih*s in length, and 20 
in Imwlth, surrounded by mountains which rise abruptly 
from tin* plain to tin* height of about r>,000 feet. In the 
cliffs of tht* river J(*lam and its tributari(»s, wbicli traverse 
this Iw^autiful valhy, strata consisting of fine clay, sand, soft 
sandsbim*, p<‘bbh*8, and conglomerate are exposed to view. 
They contain freshwater shells, of the genera Lymneus, 
Paiudina, and Cyn^na, with landshells, all of recent sjw'cies, 
and are precis<*ly such dep(»sits as would lx* formed if the 
whole valley were now ('onvert^Ml into a great lake, and if the 
numerous rivers and torrents <b*sc(mding from the surround- 
ing mountains wert^ allowed sufiiei^mt time to fill up the lake* 
basin with fine sediment and gravel. Fnigmenta of potterj" 
met with at the depth of 40 and oO fetd in this lacustrine 
formation show that the upper part of it at least has accumu- 
lated within the human e[)Och. 

Dr. Thomas Thomson, who visited Cashmere in 1B48, 
observes that several of the lakes which still exist in the great 
valley, such as that near the town of Cashmere, five miles in 
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diameter^ waA some otiiers, are deeper tlum the a^jcdning 
rirer-clMuiiieli, and mmy hare been formed by subeideiiee 
during the numerous earthquakes which hare conrulsed that 
region in the course of the last 2^000 years^ It is also pro- 
bable that the freshwater strata seen to extend far and wide 
orer the whole of Cashmere originated not in one continuous 
sheet of water once occupying the entire ralley, but in many 
lakes of limited area, formed and filltnl in succession. Among 
other proofs of such lake-basins of moderate dimensions 
haring once exi8t4?d and haring l)een converted into huid at 
different periods, Dr. Thomson mentions that the ruins of 
Avantipura, not fiir fmm the moth^rn village of that name, 
stand on an older freshwater dejXKsit at the base of the 
mountains, and terminate abruptly towards the plain in a 
straight line, such os admits of noiUhor exjdanation than by 
supposing that the axlvance of the town in that dinnHion was 
arrested by a lake, now dniined or repn*sent4*d only by a 
marsh. In that neighlxnirhoiHl, as vory gentTally throughout 
Cashmert‘, tin* rivers run in channels or alluvial Huts, lx>unded 
by cliffs of lacustrine stmta. horizontally stratifitsl, and tlH*se 
strata form l<»w table-lands from to 5o tbtd high between 
the different watercourses. On a tabir-laiid of this kind near 
Avantipura, j>ortions of two buried tempbfs are seen, which 
have partially explore<l by Major Cunningham, who, in 
1847, discovered that in one of the buildings a magnificent 
colonnade of seventy-four pillars is preserved underground. 
He exposed to view three tin* pillars in a cavity still op^*n. 
All the architectural deconitions b<*low the level of the soil 
are as perfect and fresh- looking as when first exe<*uU*d. 
The spacious quadrangle must have Wen silted tij> gradually 
at first, for some unsightly alterations, not in accordance with 
the general plan and style of arehit4^cture, were det4’‘cted, 
evidently of subsequent date, and such os e<^ajld only have 
been required when the water and sediment had ttlready 
gained a certain height in the int^^rior of the temple. 

This edifice is supposed to have Ijssm erected about the year 
850 of our era, and was certainly submergf*<l K*fore the year 
1416, when the Mahomedan king, Sikandar, called Butsbikan 
or the idol-breaker, destroyed aJl the images of Hindoo 
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temploi in Caslmiere. Ferishtn, the hiatorian, paittenkriF 
alludea to Sikandar hairing derooliahed every Caabmerian 
temple eave one, dedicated to Mahad^^va, which e«ai.ped ‘ in 
comNiqtience of it# foundatiotm being below the neighbonring 
water/ The unarmed condition of the human^headed 
birdB and other images in the buried edifice near Avantipura 
leaves no doubt that they escaf>ed the fury of the iconoclaat 
by l)eiiig under water, and perhaps silted up before the date 
of his conquest.^ 

MODEKN ORICilN OF MAN AS INFERRED FROM GEOLOOICA.t 

EVIDENCE. 

liitfhop Jifrkelf^y on the remit ilnie of the creation of man.’— 
Bishop lh*rkeley, in a memorable passage written more than 
a century ago, inferred, on grounds which may he tenned 
strictly gfH)logical, the recent date of the creation of man. 

‘ To anyone,’ says he, ^ who considers that on digging into 
the earth, such quantities of shells, and in some places, bones 
and horns of animals, are found sound and emtire, after hav- 
ing lain tluTO in all probability soim^ thousands of years, it 
should seem probable that guns, medals, and implements in 
metal or stone might have laskMi entire, buried undergnmnd 
forty or fifty thousand years, if the world had Ix^n so old. 
How comes it then to pass that no remains are found, no 
antiquities of thos<» numerous ages preetnling the Scripture 
accounts of time ; that no fnignients of buildings, no public 
inonuunuits, no intaglit>s, eumt'os, statues, basso-relievos, 
medals, inscriptions, utensils, or artificial works of any kind, 
are ever discovered, which may IxMir testimony to the exist- 
ence of those mighty empire's, those successions of monarchs, 
heroes, and demi-gods, for so many thousand years ? Let ua 
look forward and »upi)08i' ten or t wenty thousand years to 
come, during which time we will suj>jx>se that plagues, famine, 
wars, and mrihtfuake^ shall have made great liavcx? in the 
world, is it not highly pi*obahle tliat at the end of such a 
period, pillars, vases, and statues now in being of granite, or 

• Tbomiwm’* \V«it«rn nod nini^^ham, rot rrii, Joarn. Ajkt. Soc. 

Thibet, p. 21^2. Loadcoi, IB52. Cao Beogat pp. 241, 277* 



Cm. XLm) AS HfFERHED FBOM CmWOlCM. EVIBIKCK. tm 


parphyiy, or jmper (stoo;^ of «iieh hardnm mi wo koow 
them to have laated 2,000 years above gn>uitdy without any 
comiderable alteration), woulil bear record of these and jiaat 
ages ? Or that some of our current coins might then be dug 
up, or old walls and the foundations of buildings show them* 
selves, as well as the shells and stones of /Ac pnmeml trerW, 
which are presen’inl down to our times ? * * 

We may with confidence anticipate, like Berkeley, that if 
the duration of the planet is indefinitely pn^t meted, many 
e<lifiees and imphunents of human w<irkmutHhip and the 
skeletons of men will Im* entoinUtnl in fn^sh water, marine, 
and volcanic strata, iDul will continue to exist even when a 
grt^at part of the present mountains, continents, and shall 
have disappt^ared. The t artirs crust must Is* reiiUHlelkHl 
more than onc»* all the menu^rials u( imin which are 

continually iHH’oining cntomls*d in tlu^ nn-ks now’ forming will 
l>e destroyed, O/o* (M»mj»lct4* revolution will In* inadetpuile to 
e‘fface every imuiument <*f tmr exishujce ; for many works of 
art might cnttT again and again itito the formations of 
successive eras, and es<*apc ohliterat ion, even though Uie very 
r(K*ks in which they had l>«M*n for ages iiidsnlded were 
destroyed, just as ]H*hblcH imduded in the conglomemtes of 
one ejM^ch often <*ontain the organised remains of lH.‘ing» 
which flourisliod during a j>rior era. 

Yet it is no less true, as a lat4* distinguished jduh^sopher 
has declared, ‘ tlmt none of tin* works of a mortal Indug can 
be eternal.’ They are in the first plac** wn^sied fn>m the 
hands of man and lost, s<» far us regards their submTviency 
to liis use, by the inHtrtnaentality of those v»*ry eiiuhes which 
place tht*m in situations where th<*y are iUiabltHl to endure for 
indefinite |K‘ri(;Hls. And even when they have lK*4»n iinduded 
in rocky strata, when tliey Itave lx*en made to enter as it 
were into the s<dkl framew'ork of the glols? itmdf, they 
must nevertheless eventually parish ; fi^r evf*ry year some 
portion of the earth’s crust is «batU*re<l by <*arth(]uakes, or 
melted by volcanic fin*, or ground to dust by the moving 
waters on the surface. *The river of Lethe,’ as Bacon 

* Aldphron, or the MmM PLiW^phir. rU. ji. j>p, 84, S^. 1732. 
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eloqnentiljr remarks, *mnoeth as well abore grotmd as 
below.* * 

Monuments of pre-hi»torie man in Europe . — The reader wfll 
see from wbat was said in the fortj*third chapter, that 
although we might expect man to Wome cosmopolitan as 
soon as he hod acquire<l such intellectual superiority as 
belongs even to the lowest of the human races now in- 
habiting the globe, yet so long as he was slightly inferior to 
these races, he may hare c<mtinued for an indefinite time 
restricted to one limited area, like the living species of an- 
thropomorphous mammalia. Even if he existed as a rational 
being before the close of the PlicK-ene period, we hare no 
right to assume in the present state of science that we 
should have obtained, geological evidence of his existence. 
When treating of the changes of climate in the first volume 
I gave some account (p. 174) of the results of the joint in- 
vestigations of the geologist and archnologist in regard to 
the remains of prt»-hi.storic man. It will there b<* seen that 
all these nmiains belong to the latt+T part of that modem 
period in geology which I have called Post-Tertiary, when all 
the shells, marine and freshwater, were Jilready of the same 
species as those now living. 

The age of Iron was preceded in Europe by that of Bronze, 
wlnm tools of that miitnl metal were in use. Tliese bronze 
weapons prevailed in Switzerland and (Jaul long before the 
Roman invasion of those countries. Implements of the same 
mixture of copper and tin occur in many of the Swiss lake- 
villages and in the jwat -mosses of (Ireat Britain, Ireland, and 
Scandinavia. Bui coins are entirely absent, and no proofs of 
the art of writing or of letters having lM,*en invented have 
yet been brought to light. Some of the jwttery ot the Bronze 
age is said to show marks of the i>otter’8 wheel, but the 
greater part of it was made by band. Professor Nilsson long 
ago observed that the handles of the swords as well as the 
bracelets of the Bronze age indicate that the size of the race 
which used them was smaller tlmu that of the present inha- 
bitants of Northern Europe. Many animals had been domes - 
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ticated bj man in tlua period^ m ii abown hj the bones pre^ 
sanred in certain Swtaa lake-dweliinga ; several ceiemla also 
and fruits were cultivated* Gold, amber, and glaaa were in 
u«e for ornamental purpoees, but there i« no evidence that 
silver, ainc, and lead were known. In tlie Swiss lake-villages 
of the antecedent Stone }^riod called Neolithic, as btnng 
newer than a still older age of stone, men were evidently 
ignorant of the art of metallurgy. Polished axes commonly 
called celts, ehirn'ln, and other t<K>ls, were so abundant in 
Northern and Western Eun>i>e that the Dublin Museum 
contains more than 2,(HK) of them, tliat of Coptnihageii 
more than 10,<HH), and that of 8t<K*klK»hu not fewer than 

The Danish shell-numnds or kitchen-middens, as well as 
many of tlie Swiss lake-<]wellingH, and a large part of the 
European fHnit, Isdong to this Ne<»lithio but none 

of the polished iiuplenu*ut« of this age oiu’ur in the river- 
drift gravel-lxnlH, nor in aHsociatit)ii with extinct nuimttmlia. 
Hatnl-inade jM)ttery wuh in ine' ; the ox, wluH'p, goat, pig, and 
d<ig were already donicstiiaUHl, agriculture iiiid commenced, 
and flax was cultival<Hl and woven into tissues. 

Next in i»ur retrospectire survey we come to the irionu- 
rwents of w hat M. I^iirO t has callod tin* Ih*in-deer jH»ri<Kl, when 
that aiiiiaal als^unded in tin* south of France. 

To this era belong the caves <»f the Dordogne in cent ml 
France, in which MM. I>iirte% t’hristy, and others have ob- 
tained thousands of im[>lcmentH made otit of stone, bone, and 
horn without a trace of any a.ss<K‘iate<l |Kjttery, still less of 
metallic tools, or isdished stone implenieiits. M. Lartet 
found in one cave of this [>eriod at La Ma<h*leine a fragment 
of mammoth tusk on which vvjis rudely carved a rcj>n.*mtiita- 
tioa of the animal itself; a fact which seems to prove that 
this species coexisted with the»4:? cave-men. Traces also of 
the musk-ox and Ciive-lioii have been met with in the same 
eaves, but some d<mbts are still ent^.*rtaimd whether these 
qaadru{)eds were contemp<irary with tln^ men of the Rein- 
deer period. This |>eriod may be considered as intermediate 

• Str J. liitr<Mlucoo2:i J ratatUO'A. of * IVimitivw 
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betweai the Neolithic and Palsaolithic ages, bat it has been 
classed prorisiorially by Sir J* Lubbock as Paheolithic. 
Hie climate then prcTailing in the south of Europe was 
evidently much colder than it is now, but the state of 
physical geogniphy luis not since undergone any material 
alteration. 

Ijfistly we arrive at the still older monuments of the Palaeo- 
lithic jjeriod projsTly so called, which consist chiefly of un- 
|K>li»hed stone iniphouentH btiried in ancient river-gravels and 
in the mud and stalagmiO* of caves. Hoth the gravel and the 
caves are now so situated in their relation to the present 
drainage and geography of the countries where they occur as 
to imply a gt‘eat lapse of intenening time <luring which the 
erosive power of rivers has active iii deepening the 

valleys. The implements of this age in Western Eutojk? are 
chiefly compostHl of ehalk-tlint — innre rarely of chert from 
the greensand. Ih^sides being unpolished tliey differ in 8liii|)e 
from 1hoBi‘ of tin* Neolitliic age.* They are associated with 
remains id* the mammoth, the woolly-hainHl rhinoceros, the 
hippopotamuH, the musk-i^x, and many (dlier qmidru|>ed8 of 
extinct and living spt*cie«. No |M>ttery has been found strictly 
referable to this era, and tlu*n* is an entire absence of 
iiietullic weap^ms, as in tlie later Bronze peri(Rl of coins. 

The Innls of gravel often calle<l drift, which contain anti- 
Cjuilit's of this age, may be said to have lH*en dejH>8it<*d by the 
existing rivers, when these ran in the same din*ctiou as at 
present, and dniine<l tin* same areas, but Ix^fore the valleys 
had betm scoopeil i)ui to their ]>resf*nt dt*ptli. The height 
above the present alluvial plains at wliicli the old drift occurs 
is tdten no mon* than 20 or JlO hnd, but sometimes 100 or even 
200 feet. Flint flakes having a fine cutting edge, evidently 
chipjanl off’ by the hand of man, are met with not only in the 
old drift, but in fonnutions of the Neolithic and Bronze ages, 
for they affcml the flnost cutting edgt? that was obtainable 
Ix'fore the invention of steel. In the caves of this early Stone 
perioil iinpleuients of tlie same antique tyjx‘, with fossil skele- 
tons of man, have been detectinl, agreeing, as before hinted 

^ Sti) Lyelli * of Maa/ pp. 114 niiJ US, and LuUboek'i ' Pw-historic 
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(p. 493),^ in ostaological character with ioin# of the exiitixig 
races of man* It has been estimated that the number of 
flint implementa of the Paleolithic type already found in 
northern Prance and southern England, exclusive of flakes, is 
not less than 3,001).* No similar tools have been met vrith 
in Denmark, Sweden, or Norway, where Nilsson, Thomsen, 
and other antiquaries have collected with so much cart* the 
relics of the Stone age. Hence it is supjiosed that Falax>- 
lithic man never j)enetrate<l into S<'iuuUnaYia, which may 
perhaps have been as much coveivd with ice and snow as the 
greater part of GnH‘nlaiul is at present. 

Paleolithic implements in the dri/t e f the smith of Hampshire, 
— Flint implements <if the luirmal tyjK* of the Palieolithic 
|a'rii>d have \mxhi lately ft>nnil in the soutli of Hampshire, 
not in eaves nor in old rivt»r-gnivels within the limits of 
existing valleys, but in a tabular mass o!‘ drift which caps the 
Tertiary strata, and which is int4U‘se<‘t4*d both by (he Sidtuit 
and by the valleys of all the rivei‘s which flow int<» that channel 
of the sea. The iK*siliun of these implements, to which the 
an'liiiM>logists of Salisbury have called imr utUaiiion, attests 
jM^rhaps in a more striking manner the £inti(|uity of pre- 
historic man in EurojH.* than any other monument of the 
earlier Stone age yet discovered. The great IhhI of gmvel 
resting on Eocerie Tertiary straUi in which tht*se implements 
have been found, coiiHists in most placi»s of half-rolled or muni- 
angular chalk-Uiuts, laixtHl with rounded js^bbles washed out 
of the Tertiar)' strata. But this drift, although often con- 
tinuous over wide areas, is not everywhen* present, nor d >e« 
it always present the same oharactiTs. Tin* lir«t flint imple- 
ments found in it were discovenHl mid-way Ujtwecn th>M|>ort 
and Soutliampten, by Mr. James Brown of Halisb^iry, in 
May 1H04, included in gravel from 8 to 12 feet thick, < apping 
a cliff which at its greaU'si height is 35 feet uli<»ve high-water 
mark* I have visit4Hl this spot, which Iml prtu ionsly l>f»e« 
seen by Messrs. Prestwich and Evans. The flint-tools 
exiictly resemble those found at Ablx*ville and Amiens in 
France, being some of them of the ova), and others of the lauceo- 

* Sir J- Latbock, Introdoctioo to i ‘ Vrim.uvis InlyiUUnU tj Soiyi4f- 

imrift,* p. aot. 
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li^ torm, Manj of tbem exliibtt the aaise colonri and 
ochreous stain aa do the flints in the gravel in which thej lay* 
A fine series of these implements, from the Hampshire dilfr, 
may now be seen in the Blackmore Mosenm at Salisbaiy. 

In the graTcl capping the cUfls alluded to are blocks of 
sandstone of various sizes, some of enormous dimensions, 
mca% than 20 feet in circumference and from 1 to 2| feet 
thick. Tliey have prolmbly not travelled far, being a portion 
of the wreck of the Eocene strata which have suflered much 
denudation. Nevertheless to explain bow they and the 
stone implements l>ecame envelo|«.*d in the debris of chalk- 
flints, we must Imve recourse to ice, which may have been 
frozen on to them in winter, so as to give them buoyancy 
and enable rivers or the sea to transport them to slight 
distances from their original site. An extreme climate, 
causing a vast accumulation of snow during a cold winter, 
and great annual fUxids when this snow was suddenly ujelted 
in the lieginning of the wann season, may best account for 
the destruction of large masst'sof chalk in the upland country, 
and the spreading over the ancient surface of the flinty 
material originally dispersed in layers through the soft chalk. 
The oiTUsioual iHTurrence of unrolled chaJk-flinta in the 
gravel in ploeen when? they must have tnivelled twelve miles 
from tludr neurest source, also imjdies the aid of ice-action. 
The tninsviTsc valleys now intersecting the rt^gion near the 
coast where the hint tiioln are found, near tios[>ort, must 
have lH*en cut thri>ugh (he Tertiary strata, after tlie over-lying 
gnivel had been su|H*rim|K»sed, for this last forms a flat table- 
land between the valleys. 

On the whole we may infer that nut only the valleys of the 
smaller streams near GosiK>rt, but those of the Test (or South- 
ampton river) and of the stream whicli enters at Lymington, 
and tliose of the rivers Avon and Stour, which reach the 
Solent at Christchurch, as well as the Bournemouth valley, 
have all been excavated since Paheolitliic man inhabited this 
region ; for not only at various jHunts east of the Southampton 
estuary, but west of it also on both sides of the opening at 
Bournemouth, flint tools of the ancient type have been met 
with in the gravel capping the cliffs. The gravel from which 



ck. XLm] AS mwmam wmu obolooical S$9 


tlK» flint tool WM taken at Bottrnemoaih i» abont 100 feet 
above the level of the sea ; as I aseertalned after examining 
the spot in 1867,* 

The gravel consists in great part of pebbles derived ftt>m 
Tertiary strata; and if it was originally spreml out by rivers, 
the course of the drainage must since have been altered to 
such an extent that it is not emy to trace any connection 
between the old watereoursi'S and those of the existing 
valleys. 

I learn from Mr, Evans that Mr. Tlioinas Codrington dis- 
covered in 1868 an oval flint implement in gravel at the top 
of the Foreland cliff on the most vmiern janat of the Isle of 
Wight, five miles soutli-east t‘f Kyde. It is of the true 
Palieolitliio tyjw, and the gnivel in which it is iniUnUkHl at 
the height of alamt feet ulw^ve the level of tie* sea, may, 
as Mr. Evans snggt^sts, havi» tmee extended to the cliffs near 
Gosjxirl ; in which case we shotdd have to infer that the 
channel culled the S(»lent had not yet Uvn sctH»j»ed out when 
this region was inhabited by PalHudithic man. The gravel 
found at Freshwater at the wt*st end of tlie bsle tif Wight, in 
which the nmiains of the muinmuth have Unuj deteeU^d, is 
probably of the same date. 

If we ascend the Avon from (’hristehun*h to Salisbury 
about 60 miles to the north, we find in gniveln at various 
height® about the river, and in old Huviatile alluvium, flint 
tools of the same Palaeolithic tyjn*. One of thes»? wan taken 
out by Dr. Blac*kmore from iKuieatli the remains of a mam- 
moth, at Fisherton, near Salihbury. The remains of no less 
than 21 8j>ecie8 of mammalia have also lx*en detect^al at the 
same place, the greatest iminlx*r, jx^rhaps, obtained in any one 
spot in Great Britain. The assodaied land and fn shwater 
shells belong to 61 sjH^eies, and are all still living in England, 
although the quadru|MHis imply a colder climate. Among 
these are the mammoth and woolly-haired rhinoceroH, the 
rein-deer, and Norwt*gian leinmiiig, the Grwnland lemming, 

• Mr. Alfred firti dug afterwari* two Cfthivr 

t April frm thi# grsv^-i nmnUr implcme«bi from gravel w«fct 

tit the lop wf the iMsa-clilf cmn of the ti the mouih rallvjr. 

Boumetaottth Dr. Bliiduaore 
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and another tpecies of the same family, the Spermophilns, 
allied to the marmot. Of this last 13 indindoals hare 
been found, some of the skeletons being perfect, and lying, 
as remarked by Dr. Blackmore, in the curved attitude of 
hibernation, as may now be seen in the Blackmore Museum. 
Besides the isnies of quailrupeds, the femur and coracoid 
bones of the wild gcwse (Aimer pahmiris) liave been met with, 
and some egg-shells corresjwinding in size with the eggs of 
the wild g(*<me and wild duck. These shells ore in jmrt 
covtwd with siqxfrficial incrustations. As the wild goose 
now resorts to arctic regions in the brmling season, the 
wcuiTi'tiee of its eggs at Fisherton seems to imply a cold 
climiih’ such us would ha%'e suitol the lemming and 
marmot.* 

To eondudt*, then* are three ifKlejK'ndent classes of evi- 
dence, which in tliis part of llampshirt^ jKiint distinctly to 
the vast antiquity of l^ila^olithlc inau. First, the great 
denudation of the Chalk and Tertiary stnita, and the iin- 
jKirtant changes in the sliaj>e and dejith of the valleys and 
the conUmr id* the sea-coast whi<*li havt‘ since occuiTed in 
Ilanipshin* ; secondly, a marked <*hange in the fauna, by the 
dying out of so many conspicuous siHxnes of quadrupeds; and 
thinlly, tin* change of climate from a coldiT to a warmer tern- 
♦penitun*, implieil by the former presen<‘e of northern animals, 
and by the ice-horne ermtics of the drift. 

of iioiivry hnrioil in nitrai^vd marine atratn in Sardinia, 
— I have elsewhen* cuIUhI atttmtion f to a mariin^ formation 
desorilHHl by Count Allx*rt de la Marmora as tH^curring at 
Cagliari, on tlie southern coast of the island of Sardinia., at 
the height of more tJian dOU feet above the level of the 
Meiliterraneun. In this deposit some rude fragments of 
j)ottery w^ere found togi»iher with a iluttentH^l ball of baked 
earthenware, with a hole through the axis, supposed to liave 
been used for weighting tishing-nets. These works of art 
were associatiHl with marine shells all of living 8|)ecie8, the 
oysters and mussels having both valves united together. I 

• KtnoA, Qttiirt, J«>uro., p. 193. Aug. 1864. 

t ‘Auti^uity of Man,* p, 177. 
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know of Qo other instance in Europe of a aea-t)ottom of the 
human period haring been lifted up dOO feet above it« former 
level ; but in countries like Sardinia, where the latest volcanic 
cones ore of Newer Pliw;ene, if not of Pont- Pliocene date, 
such an upheaval may not imply u greater antiquity thou may 
belong to Neolithic times. 
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CHAPTER XLVIII. 

IMBEDDIJtG OP AQCATIO SPECIES 15 SCBAQCEOrS STRATA. 

ITlWrilATlUJf or ri(li.<ll(WATI>^ I'I-AKTH ASTD A!«IMAL»~'«liri.l-.VAkL— 
iftKU AKii rrini!» or < haua— wrcrjiT »n*iw‘rT*» ij« amkkk aj« 

KAEtCH rueHUHlATEU *kPH< tK'« OHfrTKO l?nN> XKAJt ANl> r#TCAHlK.4+ - 
ItYVln Al.Tlt«J*AriOK» OF UAiltHU ASU FURTHIWArKU STKATA. HOW I Al %t;» 
— IMHKHIMWO or MAUIMK A»l» AHIIIAl^ CKTACKA f-TkANl^ElI ON orU 

fiHoRKM IITTt»ItAI. AND RSTrAkT Tfct.*rrACKA «iirKPTI.yTO THK r»FKP J^RA — 
HrUHOW lNli MHKl.lOI I.JVrNO TK«TA( KA Fot NI) AT t'ONMDKHAl'.LA JIKi'TH# — 
HI.IKNDINO or OU<iANH liKMAIN^ oK VnrUUKST AOUA. 


Having tmiUnl of the imlKKlding of terrestrial plants anti 
animals, and of human remains, in deposits m*w fonaing 
beneath the waters, 1 come next to consider in what manner 
aquatic species may be entoinlx‘d in strata formed in their 
own element, 

Frmhwaiiyr plant* ami animal *, — The remains of species 
btdonging to those g<niera of the animal and vegetable 
kingdcnns which are more or less exclusively contined to 
frt*sh water arti for the most part preserved in the beds of 
lakes or estuari(‘K,but they are ofttmtimes sw^ept down by rivei'S 
into the sea, and there intermingled with theexuviie of marine 
mces. The phenomena attending tludr inliumation in lacus- 
trine deposits are sometimes revealed to oiir obsenatiou by 
the dniim4fe of small lakes, such as are those in Scotland, 
which have been laid dry for the mike of obtaining shell-marl 
for agricultimil uses. 

Ill tliose modem formations, os seen in Forforsliire, two or 
tlireebeds of ealcarcoiis marl are sometimes observed separated 
from each other by layers of drift peat, sand, or fissile clay. 
The marl often consists almost entirely of an aggregate of 
shells of the genera Limnea, Planorbis, Valvata, and Cyclas, 
of species now existing in Scotland. A considerable pro- 
portion of the Testacea appear to hare died very young, and 
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few of the sliella are of a use wkidi indicatet tiieir harinf 
attained a stide of matnritjr. The shells are sometimes 
entirely decomposed, forming a pulverulent maii { sometimes 
in a state of good preservation. They are fieqnently inter- 
mixed with stems of Charm and other aquatic vegetables, the 
whole being matted together and compressed, forming laminm 
often as thin as paper. 

As the Chara is an aquatic plant which wars frequently 
fossil in formations of different eras, and is often of much 
importance to the geologist in charaoterising entin* groups of 
strata, I shall describe tlie manner in which I have found the 
recent 8j>eciea in a pt'trified state. They oc»*ur in a marl-lake 
in Forfarshire, enclosed in tu^lules, and soinetiuies in a con- 
tinuous stratum of a kind of travertin. 


Fig. 



fleswl- rrwwej of f'tmra hijqttfU. 
a. Pwrt taf tl»e sti*Tn with th« ursvl-v^^wsel isttssrhssl. 

K MtlurAi slx-r Kff s*vvl-vfewsr»h 

f InUttrutiK'iit M th#> or pcrtiifiiNl stwid-r t ts iw '? Churn hUpuir, f in tfif 

»i. Wisei nut srlthin tJje {nUnruJurnt. 

e l»srw e-rnl i»f lr;te((pi«Mr»t to srhl; h the stem mwi stiaclm!!. 

/. Vpqse'i' end of the InUqetmictit tr> the sthrmetA were uiUMr lurfol 

j?. Oi»e of tl»e tulitM tH r. 


The seed-vessel of these plants is remarkably t/>ugh and 
hard, and consists of a membranous'nnt covered by an integn* 
ment (d, fig. 146), both of which are spirally striated or 
ribbed. The integument is composed of five spiral valves, of 
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a qtaadrangular form (g). In C^cira hitpida, which abounds 
in a living state in the lakes of Forfarshire^ and which has 
become fossil in the Bakie Loch, each of the spiral valves of 
the seed-vessel turns rather more than twice round the circum- 
ference, the whole together making between ten and eleven 
rings. The number of these rings differs greatly in different 
species, but in the same appears to be very constant. 

The stems of (’hane occur fossil in the Scotch marl in 
great abundance. In some H])ecie8, a« in Ch'tnt hi^jnda, the 
plant when living contains so much carbonate of lime in 
its vegetable organisation, independently of calcar«!OU8 in- 
crustation, that it effervesces stn^ngly with acids when diy. 


Kig. 117 . 



ftfnl hraiich** uf i 4<i/ a hupuia, 

a. Htrtn branrhwt i 5 f Ute naturu) alaw. 

K Iwselhin of tlwr ftetn 

c'. 8lvotrlug thecoinmi tiilw sumniiubtl bv %wo riiigt of §m»llor tube*. 

The longitudinal striie on the stems of C/iar>i hi*pida have 
a tendency to be spiral, and as upiK'ars to be the case with 
other species of the genus, turn always like the worm of a 
screw, so that the spiral valves as seen on the outside turn 
from right to left, while those of the seed-vessel wind 
round in a contrary direction. A cross section of the stem 
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exhibits a cnriom structore, for it is composed of a targe 
tube sTUTounded bj smaller tubes (fig. 147, 6, r), as is seen 
in some extinct as well as recent species. In the stems of 
several species, however, there is <mlj a single tube.* 

The valves of a small animal called Cypris {C. onutUt 9 Lain.) 
occur completely fossiliseil, like the stems of Cham, in the 
Scotch travertin above mentionwl. The same Cypris in- 
habits the lakes and ponds of England, whert‘, together with 
many other 8|)ecies, it is not uncommon. Although «*xtremely 
minute, they an* visible to the iiaktHl eye, and may l>e observoil 
in great numbers, swimming swiftly through the waters of 
our stagnant jmjoIs and ditches. The antmime, at the end of 
which are fine jiciKils t»f hair, are the principal organs for 
swimming, lUid are movisl with great rapidity. The animal 
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resides within tw<» small valves, not unlike those of a bivalve 
mollusk, and moults its integ^umentH annnully, which the 
conchiferous mollusk d(K.*s not, Tlie shells, 

bling thin scales, and occurring in counties.^ myriads in 
many ancient freshwater marls, impart to tliem a divi- 
gionul structure, like that so frequently d^Tived from plates 
of mica. 

The recent strata of lacustrine origin above alluded to are 
of very small extent, but analogous deposits on the grandest 
scale are forming in the great Canadian lakes, as in Lakes 

* On Fm»bw»ter MnrU Src. By C, p, 73. 

t See I>t«iikam • CnmUm, pt ftS. 
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Superior mi Huron, where bedt of sand and clay are seen 
eneloting shells of existing species.* In Lake Superior 
during the late dredgings (August 1871) the greatest 
deptih ascertained was 1,014 feet, and the temperature of the 
water ererywluw below 40 fathoms (240 feet) was ^most 
constant at F., which is evidently connected with its 
maximum density. At the surface at the same time it was 
found to range from SO'’ U> F. In the shallow water the 
fauna vari^Hl with the character of the bottom, while the 
deep-wati^r fauna, comj>ofw>d of small mollusks and crusta- 
ceans, was meagre, and like the temperature seemed to be 
everywhere very uniforrn.t The Chane also play the same 
part in the subaqueous vegetation of North America as in 
Europe. I obsonx^l along the Imnlers of several freshwater 
lakes in the Htiiie of New York a luxuriant crop of this 
plant in clear w^ater of nunlerab* depth, rendering the bot- 
tom as verdant os a grassy meadow. Here, therefore, we 
may expert some of the tcuigh seed-vessels to be preserved 
in mud, just as we deUMjt them fossil in the Eocene strata 
of Hampshire, or in the neiglil>ourh(X)d of Paris, and in 
many other countries. 

IMBEPDIXO OK FRESHWATER SPECIES IN ESTUARY AND 
MARINE DEPOSITS, 

We have sometimes an opportunity of examining the de- 
posits wliiLdi within the historical jieritxl have silted up some 
of our estuaries ; and excavations made for wells and other 
purposes, where the sea Inis been finally excliuhnl, enable us 
to observe the stat<? of the organic nunains in these tracts. 
The valley of the Ouse between Newhaven and Lewes is one 
of several estuaries from which the sea has retired within 
the last seven or eight centuries ; and here, as appears from 
the researches of Dr. Mantell, strata 30 feet and upwards in 
thickness have accumulated. At the top, beneath the vege- 
table soil, is a bed of peat about 5 feet thick, enclosing many 
tranks of trees. Next below is a stratum of blue clay con. 

• Br. Bigtbr, Jouns. of Seieinre, f Silliman'a JoursAl, rol. i». p. 373, 

No. xxxrii. pp* 262, 263. N or, 1S71 . 
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taiiiiBg fre«hwiiier thills of aboot nine species^ irneh ati now 
inhabit the district. Intermixed with these was obsenred 
the skeleton of a deen Lower down^ the layers of bine clay 
contain, with the nhore-meniionM freshwater shells* several 
marine species well known on our ccwist* In the lowest lanls* 
often at the depth of S6 tWt, them? marine Te«tiUM?a tH?cur 
without the slightest intermixtim» of fluviatile sjanues, and 
amongst them the skull of a narwal, or m*a-tinicorn {Mimmhm 
ffwnorero^)^ has been detwbnl. llmleriieathall these defH>sits 
is a bed of pij>e-ola}% derived fn>m the subjacent chalk."**^ 

If we had no historical information rt*sp<*cting the f<»rmcr 
exisbmce of an inlet of the sea in this valley and of its 
gradual obliteration* the insjH*etion of the section alk^ve 
describiHl would slnov, as clearly as a written chronicli% 
the following sequence of ev«*nts. First, tliere was a salt- 
water estuary {w'opled for !nany ytnirs hy sjHsdes of marine 
Testacea identical with thi>se now living, and int4) which 
some of the larger ( %*taeea oeeasiiumlly ent^Tcd. ♦StH‘i»ndlv* 
the inlet gi>‘w shallower, and the waiter la»eaiiie hraekish, or 
altematidy salt and fresh, so that the nanains (»f freshwater 
and marine shells were mingled in the blue urgillaceons 
siHlirnent of its botban. Tliirdly, tlie shoaling continued 
until the river-water pn*vailed, so that it was no longer hab- 
itable by marine Testacea, but fitted only for the alssle of 
jfluviatile sjH^cies and aquatic insects. Fourthly, a jHady swamp 
or morass was forrat‘<l, where soim* tre<*s grew, or ]K^rhaps 
were drifted during fliKsls* and where terrestrial quadnqsMis 
were mired. Finally, the soil laung thsKled by tin* river only 
at distant intervals, l>t*eame a verdant intMidow. 

It was before 8tatt?d, that on the sea-coast, in the delta of 
the Ganges, there are eight great (qwiiings, eiudj of which 
ha« evidently, at some ancient jK*rioU, m?rv<*<l in its turn as 
the principal channel of discharge. f As the base of the delta 
is 200 miles in length, it must happui that, m ofb^n as the 
great volume of river-watifr is thrown into the sifa by a new 
month, the sea will at one be <roriverti*<l from salt to 

fresh, and at another from fresh to salt ; for, with the excep- 

• Mant«ll. of p, 2S5 ; Tmn», vol. jii. ywiri i. p. 241, 2nd »nrir»^ 

ftlno of Org. K«tn., f Vol i. p. 409. 
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tkm of UiOie partt where the priocipel di^hftrge telcee plooe^ 
the iili water not onlj washea the base of the d^ta, but 
enters far into every creek and lagoon. It is erident* then^ 
that repeated alternations of beds containing freshwater shells, 
with others filled with marine exnrise, may here be formed. 
It has also been shown by artesian borings at Calcutta (see 
VoL L p. 476) that the delta once extended much farther 
than now into the gulf, and that the river is only recovering 
from the sea the ground which had bt^en lost by subsidence 
at some former fK?riod. Analogous pheiioineiia must some- 
times be occasioned by such alternate elevation and depres- 
sion as have occurred in modern times in the delta of the 
Indus/ But the suhtermnean movements uftect a small num- 
ber only of the deltas formed at one iw^riod on the globe ; 
whereas the silting up of some of the arms of grt»at rivers, 
aud the 0 |>ening of others, and the consequent variation of 
the points where the chief volume of their waters is dis- 
charged into the sea, are phenomena common to almost 
every delta. 

The variety of species of Tesiaeea contained in the recent 
calcan'ouH marl of Scotland, before mentioned, is very small, 
but the abundance of individuals extremely great, a circum- 
stance very eharueteristic of freshwater and brackish forma- 
tions in general, as compared to marine; for in the latter, as 
is seen on sea-btmhes, cc»nil-reefs, or in the lx>ttorn of seas 
examined by dredging, wherever the individual shells are ex- 
ceedingly numerous, there rarely fails to be a vast variety of 
species. 

IMBBOniNO OF THE REMAINS OP MARINE PLANTS AND 
ANIMALS. 

Marine plants , — The large banks of drift sea- weed which 
occur on each side of the equator in the Atlantic, Pacific, and 
Indian oceans, were before alludtHl to.t These, when they 
subside, may often produce considerable beds of vegetable 
matter. In Holland, sub-marine peat is derived from Fuci, 
and on parts of our own coast from sea- wrack {Zostera marina). 
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In pbfoet wliwe Aig» do not gonemte pent, thmy mny notor^ 
tlidiait \mr0 trMes of tkeir form imprinted on' argUlnoeoiii 
end cnlcnreouft inud^p m they are usually rery tough in their 
texture. 

Sea- weeds are often east up in such abundance on our shores 
during heavy gales, that we cannot doubt that oeeasioiially 
vast numbers of them are imbedded in littoral deposits now 
in progress. We learn from the researches of Dr. Forch- 
hammer, that besides supplying in common with lancUplants 
the materials of coal, the Algo^ must give rise to important 
chemical changes in the com|H>sition of strata in which they 
are imbedded. These plants always contain sulphuric acid, 
and sometimes in as large a quantity as H J per cent., combined 
with iH>taish : magnesia also and phosphoric acid are constant 
ingredients. Whenever large inasm»« of sea-weeils putrefy 
in contact with ferruginous clay, sulphuret of iron, or iron 
pyriU^s, is formed by the uiihui of tlie sulphur of the plants 
with the iron of the clay. Many of the ininenil cluimcter- 
istics of ancient rocks, esi>ecially the alniii slah^s, and the 
pyrites which occur in clay slates and the fragments of an- 
tlinKnte in marine strata, may be explaitn^d by the decom- 
{xmition of fucoitls or sea-Wi*eds.* 

Imheddm*j of ceiarm, — It is not uneotninon for the larger 
Cetacea, which can float only in a considerable depth of 
water, to be carritMl during Kt4>rins or liigh tides into 
estuaries, or up<m low shores, where, upon the retiring of 
high water, they are stnimled. Thus a narwal {Monodon 
monoceros) was found on tlie btmcli near Boston in Lincoln- 
shire, in the year 180<), the whole of its Ixsly buried in the 
mud. A fisherman going to his Ixmt saw the horn, and 
tried to pull it out, when the animal Is'gan to stir itmdf.f 
An individual of the common whale [linhitna 
which measured 70 feet, came ashore near PeUrrln^ad, in 
1682. Many individuals of the genus Balaetioptera have met 
the same fate. It will be sufficient to refer to thosi,^ cast 
on shore in the Firth of i\)rili near Burntisland, and at 
Alloa, recorded by Sibbald and Neill. The other individual 

* Fafrh(miiiittcr» I£<*po7t Britith Aie 
•oc. 1814. 
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tnantionedi bj Sibbald, m hatring come aibore at Bojne^ in 
BanfTahbre, #aa probably a razor- baek. Of the genus Catodon 
(Ciuhalotl^ Kay mentions a laige one stranded on the west 
coast of Holland in lf>9B, and the fact is also commemorated 
in a Dutch engraving of the time of much merit. Sibbald, 
too, records that a herd of Cachalots, upwards of 100 in 
number, were found stnuided at Cairston, in Orkney. The 
dead bodies of the larger Cetacea are sometimes found 
floating on the surface of the waters, as was the case with 
the immense whale exhibiti^^l in Lrmdou in 18»11. And the 
carcass of a sea-cow or Laniantiiie [Haliatra) was, in 1785, 
cast ashore near Leith. 

To some accident of this kind we may refer the position 
of the sktdeton of a whale, 78 feet long, which was found 
at Airtliie, on the Forth, near Stirling, imbe<lded in clay 20 
feet higher than the surface of the highest tide of the river 
Forth at the present day. From the situation of the Roman 
station and causeways at a small distance from the spot, it 
is concluded tliat the whale must have been stranded there 
at a period prior to the Christian era.* 

Marine reptilen, — Some singular fossils have been dis- 
covered in the Island of Ascension in a 
* stone said to be continually forming on 

B the bojich, where the waves throw up 
1 small rounded fragments of shells and 
n conils, which, in the course of time, 
become finnly agglutinated together, 
'! and constitute a st4)ne used largely for 
) building and making lime. In a quarry 
on the N.W. side of the island, about 
Fwiiai fmm tho j()() yards from the sea, some fossil eggs 

of turtles have been discovered in the 
hard rock thus formed. The eggs must have been nearljr 
hatched at tlie time when they perished ; for the bones of the 
young turtle are seen in the interior, with their shape fully 
developed, the interstices between the bones being entirely 
filled with grains of sand, which are cemented together, so 

* Quart. Jovrn. of Lit. Sci.. ftc-.No.- by Mr. I^nadol* to Uia Omlofricl 
xr. p. 172. Oct. 1812. Society of Londoa. 
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tbut wheii the eggnihelle are lemoTod perfect eneie of their 
form remain in stone. In the single specimen here 6gtired 
(fig. 150), which ui onljr five inches in its longest fiimneter, 
no less than seven eggs are preserved.* 

To explain the state in which they occur fossih it seems 
necessary to suppose tliat after the eggs were almost hatched 
in the warm san<h ^ great wave threw u[>on them m much 
more sand as to prevent the rays of the sun from iienetmiiug, 
so that the yolk was chilltHl and ileprived of vitality. The 
shells were perhaps slightly broken at the same time* so that 


Fig. K'ii. 
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Hiiiall grains of sand might gradually l>e introduced into the 
interior by water as it percolated through the beach. 

Marine tesiarea , — The aipiatic animals and plants which 
inhabit an estuary are liable, like the tn.H>s and land afilmals 
which people the alluvial phiins of a great river, to Is* swept 
from time to time far into the deeji ; for as a rivi*r is jx?r- 


* uf 1 Ih‘ 

iht' in fig. Irtl, 
}ipp«ar to U* llio clavicle awl <>ofac»atl 
buik«. They are hollow , an<l f^r lliiti 
rti4iw>Q al first tight, fba 

boiMist of ISkLi ratlier than of ; 
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iuterior l>«'tng Kitll filled with ci.^dlaga. 
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petnalij iUfting iti eouiM, and nndenniiittig a portion ofiti 
banlm with tlie foresU which corer them, io the mmne 
ctnrent alters its direction from time to time, and bears awaj 
the banks of sand and mod against which it taros its force* 
These banks may consist in great measure of shells peculiar 
to shallow and sometimes brackish water, which may have 
been accumulating for centuries, until at length they are 
carried away and spread out along the bottom of the sea, at 
a depth at which they could not have lived and multiplied* 
Tlius littoral and estuary shells are more frequently liable, 
even than freshwater to be intermixed with the ex- 

uvim of [Hjlagie tribes. 

After the storm of February 4, 1831, when several vessels 
were wrecked in the estuary of the Forth, the current was 
directed against a be<l of oysters witli such force, that great 
heaps of them were thrown alive u{)Oii the bea<*h, and re- 
mained alx)Ye high-water mark. I collected many of these 
oysters, as also the common eatable whelks (/lacc/aaai), 
thrown up with them, and observed that, although still living, 
their shells w€^re worn by the long attrition of sand which 
liad {)a8sed over them as they lay in their native bed, and 
which had evidently not resulted from the mere acxiou of the 
tempest by which they were cast ashore. From these facts 
we learn that the union of the two parts of a bivalve shell 
does not ]>rove that it has not been tran8|)ort€Hl to a dis- 
tance ; and when we find shers W4>rn, and with all their 
prominent parts niWx^d ofl’, they may still have been imbetlded 
when^ they grew. 

liurrowhuj ehelh , — It sometimes apjH'ars extraordinary, 
when we observe the violence of the breakers on our coast, 
and see the strength of the current in removing cliffs, and 
sweeping out new channels, that many tender and fragile 
shells should inluibit the sea in the immediate vicinity 
of this turmoil. But a great number of the bivalve Tes- 
tacea, and many also of the turbinated univalves, borrow in 
satid or mod. The Solen and the Cardium, for example, 
which are usually found in shallow water near the shore, 
pierce through a soft bottom without injiiiy to their shells ; 
and the Pbolaa can drill a cavity through mud of considerable 
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hatdxam, Th«ae aid manj other ahelhi can aink, when 
alarmed, witii considerable rapidity, often to the d^th 
of aerend feet, and can also penetrate upwards again to 
the anr&ce, if a mass of matter be heaped upon them. 
The horricane, therefore, may expend its fury in vain, and 
may sweep away even the upper part of banks of sand or 
mud, or may roll pebbles over them, and yet these Testacea 
may remain below secure and uninjured. 

Depths at tehieh organic bihlies may become /o«»7.~C8ptain 
Vidal ascertained in 18Ji4, by soundings made off Tory Island, 
on the north coast of Irtdaud, that Crustact^a, Starfish, and 
Testacea occurred at various depths between .W and lOt) 
fathoms; and he drew up Dentalia from the mod of Galway 
Buy, in 230 and 240 /a/Aoww water. The same hydrographer 
discovered on the Rockhall Bank large quantities of shells at 
deptlis varj’iug from 45 to 190 fathoms. These shells were 
evidently recent, as they retained their colours. In the same 
region a bed of fish-bones was observeil extending for two 
miles adong the bottom of the sea in 10 and 90 fathoms water. 
At the eastern extremity als«) of litKikhall Bank fish-bones 
were met with, mingled with pieces of fresh shell, at the 
depth of 235 fathoms. 

Analogous formations are in progress in the submarine 
tracts extending from the Shetland Isles to the north of 
Ireland, wherever soundings can be procurwl. A continuous 
deposit of sand and innd, nqdeb} with broken and entire 
shells, Echini, Ac., has b«‘en traced for upwards of twenty 
miles to the eastward of the Fans* Islands, usually at the 
depth of from 40 to 100 fathoms. In one part of this 
tract (lat. 01“ 50', long. 6" 30') fish-bones occur in extra- 
ordinary profusion, so that the leml cannot be drawn up 
without some vertebra' being attached. This * lame bed,’ aa 
it was called by our surveyors, is three miles and a half in 
length, and forty-five fathoms under water, and contains a 
few shelb intermingled with the bones. 

In the British seas, the shells and other organic remains 
lie in soft mud or loose sand and gravel ; whereas, in the bed 
of the Adriatic, Donati found them frequently enclosed in 
stone of recent origin. This is precisely the difference in 
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diameter which we might hare expected to exist between 
the Britiah marine formations now in progress and ihmie of 
the Adriatic; for calcareous and other mineral springs 
at>ottiid in the Mediterranean and lands adjoining, while 
they are almost entirely wanting in our own country, 

I have already adverted to the eight regions of different 
depths in the JEgean Sea, each cliaracterised by a peculiar 
assemblage of shells, which have Is^en described by Professor 
E, Forbes, who explored them by dredging (see above, 
p. J176), and who conjectured fn>in the rate at which the 
marine fauna grew scantier with tlie depth, that the rero of 
animal life w<>uld be reached in that sea at about 30i) fathoms. 
This sp4»culatiou lias jiroved correct in refenmceto the Mrdi- 
terraiiean in general, although niollusca, corals, and brjozoa 
have since ls?en brought up, adhering to the French telegniph 
cable Ixdwciui Sardinia and Algiers, from much greater 
deptliH.***^ Messrs. Carpeiit<*r and Gwyn Jeffreys, in 1870, 
examined carefully the mud brought up from the bottom at 
points below 400 fathoms off* the coast of Africa, bi^tween 
(Vuta and Oran, and elsewhere, in the west4*rn basin of the 
M(‘diti*rranean, and tln^y found that it consisted of a very 
tine yellowish sand, mixed with a bluish clay, quite devoid of 
organic substances, and th»*refore callt*d by them axoic. 
This entin‘ absence of life cannot, as they observe, l^e 
ascribiMl simply to the depth, Ixcause, as above stiikd, life 
has ls‘en detia*ted far lower in the Mediterranean. Dr. 
Garpmiter Huggt»8t8, therefore, tliat the extremely tine mud 
brought down by the Rhone, f sinking very gradually to 
the bottom of the Meditermnean, may bt* prejudicial to 
the respimtion of various invertebrates, fur it is known that 
oyster-beds cannot lx established in situations to wliich fine 
mud is brought by any fluvial or tidal current. 

In regard to the extreme depth at which life can exist in 
the ocean, I had already mentioned in my last edition, that 
Dr. Hooker, in his Antarctic voyage with Captain Sir J. 0. 
Rosa, eatabliahed the fact from soundings made off Victoria 
Land between lats. 71*" and 78° south, that the bottom of the 

• Atm. dw! Si-ieOMW, Nat. 4 S^riiss. vol. xv. f. 3. 

t S«! vol. i. p. 42a. 
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ocean was inhabited, at depths of from 200 to 400 fathoms^ 
bj ernstacai, moUosca, serimlse, s|)Oiiges, and other inver- 
tebrata,^ and Sir Leopold MeClintock and Dr. Wallieh* in 
1860, found liring starfish at the depth of a thousand 
fathoms midway between Greenland and Iceland. 

The late deep-sea dredgings carried on in the Atlantic by 
Messrs. Carpenter, Gwyn JeffVeys, and Wyvilla Thomson in 
the ‘Porcupine’ (1808-71), have still farther exteiuhnl the 
downward limit, IVofessor WyviUe Thomson having fimnd 
life existing in the Bay of Biscay at a depth of 15,000 fi^et, or 
as far below the sea level as the summit of Mont Blanc is alK>ve 
it. The sounding alhuh*il to was ininle in lat. 47"' OH' N., long. 
12® 08' \V., about 250 miles west of Ushant,a small island on 
the north-west coast of IVaiuM*. The dredgt* hnnight up in 
the mollusea {Plmrotoma and IhntaltHm)^ erustaeea, and 
echimslennata, ariMUig which was a erinoid referable to the 
Apiocrinite type wdjicdi Hourished during the Gulitic period. t 

In all such eases, it is only nee4‘ss4irv that there should 
be some deiH)8ition of sediimmlary matter, h(»wev(*r minute, 
such as may be supj»lie<l by rivers ilniining a <H>ntinent, or 
currents preying on a lin<‘of (‘lifts, <»r nutting ieebiTgs loaded 
with mud, sand, and houhh^rs, in (»rd(‘r that strut i(i(‘d forina- 
ti<ms, hundreds of fe«‘t in thickness, and n‘plete with organic 
reniains, should result in the course of ages. 

We frequently observe, (»n the sea-ls-acdi, very fSTfect 
8{>ecimeii8 of fossil shells, quite <hqaeh(‘d Iroin th(*ir nmtrix, 
which have wasln^d out <»f older formations, eonsti- 

tutiiig the sea-cliffs. They may he all (d extinct H|H'cics, 
like the E<K?ene freshwater and niarim* shells st rewind ov(*r 
the southern shores of Hampshire, yet wln*n they Ix'come 
mingled with tin* sIicIIh of tint present period, and buried in 
the same deposits of mud and sand, they might ajqM^ar, if 
upraised and examined by future geologists, to havt? ls*eu all 
of the same age. That such iutc^rmixture and blendifig of 
organic remains of different ages have actually taken place 
in former times, is unquestionable, though the occurrence 
appears to be very local and exceptional. It is, however, a 

♦ * Anti<|ujty of Alan/ j>. 2*5S, ami H., jf. 52S. 

t Pm*. v<4, jiviii. f>, 422. 1S70. 
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diM of aoctdeDt* more likelj than ahDoai any otlier to lead 
to aeriona anachroniama in geological cbronology. 

Many have thought that the recent diacorery of the 
coexiatenoe of warm and cold areaa within twenty milea of 
each other, and in the same latitude in the North Atlantic, 
above alluded to,* would in like manner tend to weaken the 
value of paleontological evidence as bearing on geological 
classification. Such fears need not be entertained, for 
although the current coming from the Sooth and suppcwed to 
be connected with the Golf-stream differed as a whole in its 
fauna from the Arctic current, the waters of the one containing 
globigerina' and vitreous spongf»8, and those of the other 
Northern forms of cchinodermata and Crustacea, yet Mr. 
Gwyn Jeffn;»y8 found that of fifty-five species of moUusca 
drtnlged up in the cold area, forty-four were common to the 
warm urea, which possessed no associafijd peculiar 8pecie8.t 
The mollusca, therefore, a class of invertebrata on which 
geologists are chiefly in the habit of founding their classifi- 
cation, Is’ing so many of them common to the two areas, 
would prevent any serious chronological error in a future 
comparison of the fossils of the two regions. 


• Vol. i. p. 003. 


t Prestwkli Ciwl. JxK'. Add., 1871, p- 17. 
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CHAPTER XLIX. 

FOBMATION OP COBAL BEEPS. 

OROWTH or CORAL CHtKfT.T 0»KriMRD TROPICAL RIKltORA PttlKCtfAt 

«R!kkua or CORA L- IIP 1 1.0 1 ?f a ttHipHrrri* tmkik RArr or orowtw- arloow 

PlAICR|j»H AT ORRATIR DUn^HH THAU TWKXTY FATMOII* - ATtU I^ Cl« ARRC* 
LAR HRRF^ WITH IJlOtXl.VS— MALDIVK lALRlf --ORIUtN Or THR ClRCl’IJ^R FORM 
— COHAL BKKrn HOT IIA^IiI> OS Al'BHRUiiKO Vt»LCAKlC CRATKRA MR. UAH* 
Wl!f*A THEORY OK Al ftAlIlKHCK IX KXKLAXATIOX Of ATOl.lJi. KXCJttCUXO 
ASP lURBIKH UKKI*A - WHY TIIK WIXHWAUI* AIDK OK ATOtJA HIOMK«rr — llt'H- 
SIHRXCK KXrLAlXA WHY AIL ATOIJJ* ARK XKARIY OX OHM LK VKL- - Al THR- 
KATR ARRA8 OK R1.RTAT1«»X AXI» XCBAIOKNCR IIRIOIX OK opRXtXOR HTTO 
TMR IAO<H*XA -OOAR OK ATiH.LA AXI» RANUIKR HKm— OIUHCTIOX TO TMR 
THKX>kT or KriWlDKXCR CX»XAU>RRKl> COMKWITIOX, AThriYt'IOd, AXl> XTRA- 
TiriKU AKRA.XOKMrXT OK Ki»CRX Xi>W roMlIlXli IX roHAI RKKKA - MMM 
WHRXCK DKKITKD- srm>AKt> IX< ttRAHR 0» ( ALi AUKOV A MATTKR IX MoHtCRX 
K}H>CiiS COXTMOVKUTKO — 0>X< LVmXO RKMAMXX. 


The powers of tlie or^nic creation in iiKKlifying the form and 
structure of tlie earth’s crust are most conspicuously displayed 
in the labours of the coral animals. We may compare the 
operation of these zoophytes in the ocean to the eft'ects pro- 
duced on a smaller scale upon the land by the plants which 
generate peat. In the cose of the Sphagnum, the upper part 
vegetates while the loader portion is enU^ririg into a mineral 
mass, in which the traces of organisation remain when life 
has entirely ceased. In corals, in like manner, the more 
durable materials of the generation that has passed away 
serve as the foundation on which the living animals continue 
to rear a similar structure. 

The stony part of the lainelliforra zoopliyte may be likened 
to an internal skeleton; for it is always more or less sur- 
rounded by a soft animal substance cafsible of exfianding 
itself ; yet, when alarmed, it has the power of contracting and 
drawing itself almost entirely into the cells and hollows of 
the hard coral. Although oftentimes beautifully coloured in 
their own element, the soft parts become when taken from 
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the sea nothing more in appearance than a brown slime spread 
over the stony nucleus.* 

The growth of those corals which form reefs'of solid stone 
is entirely confined to the warmer regions of the globe, rarely 
extending beyond the trcipics more than two or three degrees, 
except under pc*culiar circumstances, as in the Bermuda 
Islands, in lat. *12^ N., where the Atlantic is made warmer 
by the Gulf-stream. The Caribbean seas are very coralli- 
ferous. The Pacific Ocean, throughout a space comprehended 
between the thirtieth parallels of latitude on each side of the 
equator, is extremely prfxluctive of coral ; as als<^> are the 
Ambian and Persian Gulfs. Coral is also abundant in the 
sea betweiui the coast of Malabar and the island of Mada- 
gascar. Plinders dt^HcriWs a reef of coral on the east coast 
of New Holland as having a length of nearly 1,000 miles, and 
as iKung in one part unbroken for a distance of »*J50 miles. 
Some grouj>s of eonil islands in the Pacific are from 1,100 to 

1,200 miles in length, hy 
JlOO or 400 in bri^adth, as 
the Dangerous Archipelago, 
for example, and that called 
Kadack by Kotxebiie; but 
the islarals within these 
spaces an* always small 
points, and often very thinly 
s< »wn. 

MM. Ducliassaing and 
Jean Miehelotti have writUui 
a concise account of the 
distribution of reef corals in relation to the depth of the 
8ea.t A certain number of zoo})hytes are littoral and are 
left uncovered by every low tide — for instance, 8i>ecies of the 
genera Zoanthes and Palythoa. In shallow 8[>ots where a 
certain depth of water always covers the corals, the species 
of Parites^ Adrway Madrejforay Solenastrway and Phyllangta 
flourish. The Mwandrince are sometimes left uncovered. All 

* ICliironWrg, Nnt. und Bild. der Coralliaires dw» Antilloa. Mem* della 
Coralleninaeli), &c., Berlin, 1834, Keaile AcctuL dello Seienza di Torino, 

t Sappli^ment au M^moiro Bur le« aerie u. tom, xxiii. 
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these may be termed suVlittoimh At n dej^ih of from 6 to 
10 feet the genera Mnsaa, Coliiophyllia, Lithopbyllia, 8ym- 
phylli% Millepora, Ae-, are founds and at the depth of from 
10 to 20 feet the species of DichocoBiita, Stephaiioccsum^ and 
Desmophyllum flourish* 

The distribution of particular species, in regard to the 
depth of water in which they grow, is remarkably uiiifi^rm* 
According to Mr. Darwin, as will api>ear in the sequel, the 
reef-building corals rarely live at a depth extjeediug 120 fwt, 
but M. Duehassaing obtained some species of stony corals 
at depths of from 600 to 000 feet in the Caribbean Sen. In * 
temperate climates such species os the Caryophyllia Smyiht^ 
Stokes, are sub-littonil ; but Dr. Duncan reminds me, and 
the fact is of no small geological signifu^aiice when we are 
reasoning on extin(‘t forms, that the closely allied sp<M«ies 
C horealU now lives in de<*p waiter off the Shetlands. 1 learn 
from Dr. Dnncan that the <*oriil fauna of tlm deep and 
abyssal sea to a depth of I,7o0 fathoms presents s{H»cic8 
differing in their general anatomy from those which enter 
into the composition of reefs and atolls. Tht? deep-sea Ci>nils 
do not unite in masses, but are usually Hi?n{)l(*, solitary, and 
when aggregated are branched. None of these forms pos- 
sess the cellular coenenchyma Isdween the cortUlites which 
strengthen the massive reef-btiilders. All the dcM?iHsea corals 
of modern and of past titnes thus differ from reef-builders.* 
Of the nuinenms /.rsqihyb^H which are engag^ni in the 
production of coral hanks, some of the most common belong 
to the Lamarckian geneni Astnea, Porites, Mailreponi, 
Millepora, Pocillopora, and Mieandrina. (Sf*e figs. p. M(K) 
Rate of the growth of coral . — Very different opinions have 
been entertained in regard to the rate at which coral reefs 
increase. In Captain Beechey’s late expedition to the Pacific, 
no positive infonnation could be obtained of any channel 
having been filled up within a given period ; and it seems 
established, that several reefs had remained for more than 
half a century at about the same depth from the surface. 

Ehrenberg also questions the fact of channels and har- 
bours having been closed up in the Red Sea by the rapid 

• P. M. Dnncan, Coiai Fa inas of Kuix^po, Qoart. Ocol, Jonrn. Sot. 
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ineresae of 0(»«1 limestone. He snpposes the notion to bare 
arisen &t>m the circomstance of harau haring been ocoso 
sionaQj filled np in some places with coral sand, in otiiers 
with large quantities of ballast of coral rock tlirown down 
from vessels. 

The natives of the Bermuda Islands point out certain corals 
now growing in the sea, which, according to tradition, have 
been living in the same B{>ots for centuries. It is supposed 
that some of them may vie iu age with the most ancieut 
trees of Eun>pe. Ehreuberg also observed single corals of 
the genera Ma3an<lrina and Favia, having a globular form, 
from 6 to 9 feet in diameter, ‘ which must (he says) be of 
immense antiquity, probably sevenil thousand years old, lo 
tliat Pharaoh may have kicked tjpon these same individuals 
in the Red Sea.’ • They eertuinly iniply, as he remarks, 
that the reef on which they grew has incn?as«*d at a very 
slow rate. After collecting more than 100 sjM'cies, he found 
none of them covered with parasitic zdophytirs, nor any 
instance of a living coral growing on untither living coral. 
To this repulsive jniwer which they exert whilst living, 
against all others of their own class, we owe the beautiful 
symmetry of some largo Ma^andrimc, and other sis'cies which 
adont our rau8«*ums. Yet Balani and Ser[iulm can attach 
themselves to the dermal tissues of living corals, and holes 
are excavated in them by boring mollnsks. 

At the island called Taaoj)olo, in the South Pacific, the 
anchor of a ship, wrecked about 50 years before, was observed 
in seven fathoms’ water, still preserving its original form, but 
entirely incrusted by coral.f This fact would seem to imply 
a slow rate of augmentation ; but to form a correct estimate 
of the average rate must be very difficult, since it must vary 
not only according to the species of coral, but according to 
the circumstances under which each species may be placfid ; 
suck, for example, as the depth from the surface, the quantity 
of light, the temperature of the water, its freedom from 
sand or mud, or the absence or presence of breakers, which 
is favourable to the growth of some kinds and fatal to that 

* Ehreuberg t work above cited, ^ Htuchbojy, Went of Englaiid Jour 
p. 761* nal, No. L p. 49. 
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of otliort. It should aliio be obsarred that the apparently 
stationary condition of some coral reefs, which according to 
Beechey have remained for centuries at the same depth under 
water, may be doe to subsidence, the upward growth of the 
coral haring been just sufficient to keep pace with the 
sinking of the solid foundation on which the zoophytes have 
built We shall afterwards see how far this by|)othesi8 is 
borne out by other evidence in the regions of annular reefs 
or atolls. 

In one of the Maldive Inlands a coral reef, which, within a 
few years, existed as an islet ls*uring cocoa-nut trees, was 
foiuul by Lieutenant Prentice, ^entirely covered with live coral 
ami madrepore," The natives stated that the islet had been 
washed away by a change in the currents, ainl it is clear 
that a C(»ating of growing comi had l)een formed in a short 
time.* Experiments, also, of Dr. Allan, on the east coast of 
Madagascar, prov(* the possibility of coral growing to a thi(^k- 
ness of three feet in al>out half ayear;t so that the rate 
of increase may, under favourable circumstances, be very far 
from slt>w. 

It must not be supposed that the calcan*ous masses termed 
coral reefs are exclusively the work (»f zoophytes: a great 
variety of shells, and, among them, some of Hie largest and 
lieaviest of known species, contribute to augment the mass. 
In the South Pacific, grtnit be<ls of Scrpuhe, oy8t4‘rs, mussels, 
Pimm marina\ Chmmv (or Tridacnw)^ and other shells 
cover in pnifusitju almost every reef; and on the bi?ach of 
coral islands are seen the shells of echini and broken frag- 
ments of crustaceous animals. I^rge shoals of fish art^ also 
diseennble through the clear blue water, and their teeth and 
hard palates cannot fail to bt> often preserved, although their 
soft cartilaginous bones may decay. 

It was the opinion of the German naturalist Forster, in 
1780, after his voyage round the world with Captain Cook, 
that coral animals hod the power of building up steep and 
almost perpendicular walls from great depths in the sea, a 
notion afterwards adopted by Captain Flinders and others ; 


Darwio** Conil p. 77. 


t Ibid, p. 7S. 
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but it in now very generally beliered that mort of the«e too* 
phytea cannot lire in water of great depths. 

Mr. Darwin has come to the conclusion, that thorn? «pt>ete» 
which are most effective in the eoiistmction of r**cfs, rarely 
flourish at a greater depth than 20 fathoms, or 120 fetd. In 
some lagoons, however, whore the water is hut little agitahMl, 
there are, ucoordiug to Kotzebue, ImhIs of living iH»nU in 2o 
fathoms' water, or 15U feet ; hut tlu*se may |H*rhaps hiivi* 
ht*gun to live in sluillower water, and may have l>4'eu carried 
downwards by the subsidence of the nnd'. Tliere are also 
various species of zmiphytes, and aiming them some which 
are provided with calcainMius as wtdl as horny stems, which 
live in much deej>t*r water, even in some cases t*> a d«^pth of 
IHO fathoms; but these do not a|ipcar to give origin to stony 

There is every varitdy i»f form in eoml rt'efw, but the most 
rtumirkable and numtuous in the Pacific* consist of circular 



or oval strips of dry latul, em'losing a shallow lake or 
lagoon of still water, in which zmiphytcs ami im»lluHca alsmnd. 
The annular reefs just raise themselves alsivf* the Urvel of the 
sea, and are surroumltHl by a deep ami often unfathomable 
ocean, 

lu the annexed cut (tig. 158), one of these circular blanda 

♦ Tovag® to the Pacific, &cc. in 
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ig repregented^ jogt riging above tiie waveg, ooveced with the 
oocoa-nat and other treeg, and enclcwing a lagoon of tranquil 
water, whoee vivid green colonr contragtg strildngljr with the 
deep blue of the gnrroanding ocean. 

The accompanying section will enable the reader to com- 
prehend the usual form of such islands. (Fig. 159.) 



Fig. 159. 

!> 6 




SrcUort of % CV»t»I lAlaml. 


a, «. HnWtrtldr jwirt frf tho lalArtfl, conaiatlng <»f « atrip of c*THSta»liig the tAgiMin. 
A, b. Tb*’ ittymit. 


The subjoined cut (fig. 160 ) exhibits a small part of the 
section of u coral island on a larger scale. 



(t, h. llftbHttUl#' ysgrt of the isliuul. 

b, b, Mois' of thr siih' of tho Uhiinl, plunging nt un unglf* of fortv-flvt* to the ivf 
rtfbv'n han<lr*'<l 
r, r. Turt of the h4r<»on. 

</, ti. KiudU of cunil ill tho Ittgtwn, with ovt-rhanglng miuwuw <^f ooni! nwmMing tiw* 
('tt|)it 4 »la of oitumua. 


Of thirty-two of tliewo coral islands visited by Beoeliey in 
his voyage to the Pucifie, twenty-nim^ had lagwriH in their 
ecnitres* The largest was W iiiiles in diameter, and the 
smallest less than a iiiih». All were im reasing their dimen- 
sions by the ot^tive o[)enit ions of the lilho|ihytes, which ap- 
peJired to gradually extending and bringing the immersed 
parts of their structure to the surface. The scene presented 
by these annular reefs is e<|ually striking for its singularity 
and beauty, A strip of land a few hundred yards wide is 
covered by lofty cocoa-nut trees, jilxive which is the blue 
vault of heaven. This band of verdure is bounded by a beach 
of glittering white sand, the outer margin of which is encir- 
cled with a ring of snow-whiU" breakers, beyond which are 
the dark heaving waters of the ocean. The inner beach en- 
closes the still clear water of the lagoon, resting in its greater 
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part on white mnd^ and when illutninated bj a vertieal »im« 
of a most vivid gr^en.* Certain species of aoophytes abonm) 
most in the lagoon, others on the exterior margin, where 
there is a great surf. ‘ The oci*an,' says Mr. Darwin, * throw* 
ing its breakers on these outer shores, appears an invincible 
enemy, yet we see it resishnl and even conquertnl by means 
which at first seem most weak ami inefficient. No iH'riiHls 
of repose are granted, and the long swell caused by the stea<ly 
tiction of the trade wind never ceases. The breakers exetn^d 
in violenc*^ those of our teinjH?rate and it is iinjsis- 

sible to behold them without finding a conviction that rocks 
of granitic or quartz would ultimately yitdd and In* deuiolishcMl 
by such im^sistible fortvs. Yet these low insignificant coral 
islets stand and are victorious, for here another |M»wer, as 
antagonist to the former, takos part in the e<»niest. The 
organic forces sejmrate the atoms of carbonate of lime one by 
one from the fiaiming breakers, and unite them into a sym- 
metrical structure ; myriads of andiiti^ ts an* at work night 
and day, montli after month, ami w»* see tludr soft and gela- 
tinous IxKlies thnmgh tlie agem y of the vital laws (‘ompiering 
the great mechanical power of the waves of an o<‘i*an, which 
neither the art of man, nor the inanimate works of luitiire, 
could successfully resist/f 

As the eoml animals require* to lx* coritiiiually immersed in 
salt water, they eannot raise themselvt's by their own efforts 
above the level of tin* lowest tides. The manner in wdiirh 
the reefs are converted into islands uIm^vc the level of the sea 
is thus described by Chainisso, a naturalist who accompanie«l 
Kotzebue in his voyages : - ^ When the reef,' says he, * is (»f 
such a height that it remains almost dry at low water, the 
corals leave <>ff building. Alx^ve this line a continuous mass 
of solid stone is seen composed of tie* shells of molliisks and 
echini, with their broken-oft* prickles and fragments of com 1, 
united by calcareous sand, pnoluced by the pulverisation of 
shells. The heat of tlie sun often {x*m*tnites the mass of 
stone when it is dry, so that it sjdits in many places, and the 
force of the waves is thereby enabled to separate and lift 

* Danrint Journal, &c., p, 510, and of IS45, p. 453, 

t Ibid. pp. 547, 54S, and 2iwl *>f 1845, p. 450. 
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bloekfi of coral, frequently six feet long and three or four in 
tbickiieaa, and throw them upon the reef, by which means 
the ridge becomes at length so high that it i» covered only 
during some seasons of the year by the spring tides. After 
this the caleare<ms sand lies undisturlH*d, and ofiers to the 
seeds of trees and plants cast ujion it by tlu* waves a soil upon 
which they mpidly grow, to overshadow its dazzling white 
surface. Entire trunks of trees, ivhich are carried by currents 
from other eouiitries and islands, find here, at length, a 
resting-jdace ttft4^r their long wanderings: with these come 
some small animals, such as insects and liziirds, as the first 
inhabitanlH. Even before the tn*4*s fi>rm a wood, the sea- 
birds nestle liere ; stray land-birds take refuge in the bushes; 
and, at a much later ]>eritMl, when the work has Wen long 
since completed, man appears and builds liis hut on the 
fruitful soil.’ * 

In the above* deserijdion tin* wdid stone is stated to consist 
of shell and coral, united by sand ; but masses of very compact 
limestom* are also found even in the npp«u*inost and newest 
parts of the n^ef, such as could only hav<* he<*n pro<luced by 
chemical i)recipitution. Pndessor Agassiz also informs me 
that his ohservations on tin* Florida reefs (which confirm 
Darwin's tln'ory c>f atidls, to he nn*ntioni*d in the setjuel) 
have convino<*d him that large hhu ks an* loosened, in»t by 
shrinkage in the sun's lieal, as Dhainisso imagined, hut by 
iunumerabh* j>erforatioiis of lithodoini and other boring tes- 
taoea. The carlxmateof linn* may have het‘n principally d4*rived 
from the deeonmosition of corals and testaceu ; for when the 
animal matter undergoes putrefaction, the calcare< ms residuum 
must be set free under circumstanees vt*rv favourable to pre- 
cipitation, especially when tliere an* other calcareous sub- 
stances, such as shells and corals, on wliich it may be de}>osited. 
Thus organic bodies may be enclosed in a solid cement, and 
bt*Ci)me portions of rocky masses. t 

The width of the circular strip of dead coral forming the 
islands explored by Captain Beechey, exceeded in no instance 
half a mile from the usual wash of the sea to the edge of the 

• KoUettt^'s Voy., 1815 IS, rol iii. No. i. p. 50, and P. M. Puncan. Qnart. 
pp, 331-333. Jouru. Gttol. Soc.. Nov. 1834, p. 830. 

t b'tuciibur}', We»t ot Eng Journ., 
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lagoon, and, in general, was only about three or foftr hundred 
yards.* The depth of the Iagi>uus b rarious ; in some, entered 

by Captain Beechey, it was from 20 to qj ^ ^Kig.isi. , 

38 fathoms. The two other peculiari- . 'IS — — 

ties which are most characteristic of • ^ m 

the annular reef or atoll are first, that 

tilt* Strip of dead coral is invariably / 4 ^ 

highest on the wimlwanl «ith% anil ^ 

secondly, that then' is v»Ty generally an . ^ ^ 

oj>eiiing at some point in the aflurd- I 

• /• . g» H i» ‘ * 1 7 * 

mg a narrow pas.sage, often of von- •^* 5 \ 

siderable depth, fnnn the sea into the ‘ 

lagiKin. The origin of this jiassage and / 

its connection with tin* subsuhnice of the j| 

coral ar<*as will b<* considered (n. <ios>. r v 

Miihlive ami LaccaiUvv hlfjt. -^'YUv ili ' 

reefs and islets called tin* Maldives (set» | I .. 

fig. Itil ), situated in tin* Iinliiin < fei^un, n J ^ 

to the s<»uth-west ef Malabar, form a ‘At' 

chain 47 tt g<*ographieal miles in l<*ngtii, Jj | 

running due north and south, witli an i j %,:* v 
, ^ . . ■! ! 
average breadth of about o<> mih*s. It is I j 

composed throughout of a stories of eir- 'j i *? 

cular UHsemblagoH (if islets, all formeil of I i 

coral, the larger groups Inuiig from tOto 
t o miles in their longest diameter. Cap- 
tain Ilorsburgh, whose* chart of thesi* {S 4 « a.*// 

7 . .5] (/f0»ftr4, 

islands i.H subjoined, Htat<*H, that outside ! 

of <‘ach circle or u/o//, as it is termed, 1 < . 

there are coral reefs sometimc*s extend- ^ /*** I*' 

ing to the distance of two or three miles, J | f 

beyond w hich there are no soundings at 1 'if. 

. . I 

irnrnenstf depths. But in the centre ol\,i J 

eiich atoll there is a lagtaui fnuii lo - r^uaurn^i chmnAti 
to 40 fathoms deep. In the chan- " ^ 

nels Ixdween the atolls in» souinl- I 1 ^ 1 

ings can usually In* (ditaineii at the depth of 1.^0 or even 
250 fathoms, but during Captain Moresby’s survey, sound- 
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itigg were strack at 150 and 200 fathoma, the only instances 
as yet known of the bottom haring been reached, either in 
the Indian or Pacific Oceans, in a space intervening between 
two separate and well-characteriseil atolls. 

The singularity in the lomi of the atolls of this archi|>elago 
consists in their Ijeiiig made up, not of one continuous cir* 
cular reef, but of a ring of small coral islets sometimes more 
than a hundn*d in numlM^r, each of wliich is a ring-shaped 
strip of coral surrounding a lagoon of salt water. To 
acciHint for the origin of these, Mr. Darwin supposes the 
larger annular n^ef t(» have heen broken up into a number of 
fragments, eaeli of whic h aecjuired its peculiar configuration 
under the influence of caust*s similar to those to which the 
Htrncture of the parent atoll has lanui din*. Many of the 
minor rings are no less than three, and even five miles in 
diaineUT, and some are situated in the midst of the prin- 
cij>al lagoon; but this ha[>pens only in castes ^vhere the sea 
can enter freely throngli bn^aches in the outer or marginal 
irave. 

The rtK'ks of the Maldives are composed of liinestime 
formed of broken shells and corals, such as may be obUiined 
in a loose state from the bea<*h, ami whieh is seen when 
(‘XjiostMl for a ft*w days to the air to becH>ine hardened. 
The liinesti>m* is sometiineH <>bserve<l to be an aggregate of 
brokmi slndls, corals, pit^ces <»f wood, and shells of the 
cocoa-nut,^ 

The Lac(‘adive Islands run in the same line wdih the 
Maldives, on the m>rth, as do the islands of the C'hagos 
Arehipelago, on tin* south; so that these may Ik? continua- 
tions of the same chain of submerged mountains, crested in 
a similar manner by coral liinestomss. 

Ore/m of the circular form — not volcanic , — The circular and 
oval shape of so many reefs, each having a lagoon in the 
centre, and being surrouudtHj t>n all sides by a deep ocean, 
naturally suggesUMl the idea that they were nothing more 
than the crests of submarine volcanic craters overgrown by 
coral; and this theory I myself advocated in the earlier 

* Monjsl»y ou the MAUlireiK, Jourti. Roy. Goograph. 8»x\, toI. t. part 

if. p. 400, 
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editions of this work. Altkongh I am now about to riiow 
tliat it most be abandoned^ it nmf still be initmctive to point 
out the grounds on which it was formerly embraced. In the 
first place, it had been remarked that there were many actire 
Tolcanos in the coral region of the Pacifit% and tliat in some 
places, as in Gainbier's group, rocks comiKised of porous lata 
rise up iu a lag<H>n bordered by a circular reef, just m the 
two cones of eniption called the Kainienis have made their 
appearance in the times of history within the circular gulf 
of Santorin,* It was also observed that as in S. Shetland, 
Barren Island, and others of volcanic origin, there is one 
narrow breach in tin* walls of the outer cone by which ships 
may enter a circular gulf, ho in like manner then* is often a 
single deep passage leading into the lagiMUi of a coral island, 
the lagoon itstdf st‘eining to repn*sent the hollow or gulf 
just as the ring of dry coral recalls to mir minds the rim 
of a volcanic crater. More lately, imleed, Mr. Darwin has 
shown that the numerous volcaiuc embers of the (jiala[>agos 
Archi|adugu in the Pacific have all of them their Himtherii 
sides the lowest, or in imiiiy cases <|uitc broken down, so that 
if thoy were suhrnergod and incrusted with coral, they would 
resemble true abdls in shapc.t 

Another argunnuit whi<‘h 1 adduced wluui formerly de- 
fending this doctrine was derived from Khrenls^rg’s statement, 
that some banks of (M*ral in the Red S^ni were g(|uans while 
many others were riblK>n-Iike strips, with flat tofm, and with- 
out lag<K>nH, Since, therefor**, all the gem?ra ami many of 
the 8j>ecies of ztK)idiyt<*8 in the Red K**a iigr*»<*d with those 
which elsewluTe c<inHtruct lagoon islands, it followed that the 
stone-making zoophytes art* not guided by their own instinct 
in tlie formation of annular reefs, but that this {H'culiar shape 
and the fK)situ>n (»f siu h reefs in ihti mitlst 4>f a d**cp ocean 
must dei>eiul on the outline of the Hubmarimi Ixdttan, which 
resembles nothing elsct in nature buttle* cratt*rof a lofty sub- 
mergeil volcanit* cone. The enormous siz<», it is true, of some 
atolls made it mn^essary for me to astTibt* to the craters of 
many submarine volcanos a magnitude which was startling, 
and which had otben l>een apiK*aled to as a serious objection 

t Oiiniin, VoU^unk Ulandf, p, IIT. 
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to the voleanie theory. Thut so many of them were of the 
aame height, or juf^t level with the water, did not {nreaeut a 
difficulty ao long as we remained ignorant of the fact that 
the reef-building species do not grow at greater depths 
than 25 fathoms. 

Jtfay be erplaiued hj eulmdenee. — Mr. Darwin, after examin- 
ing a variety of coral formations in diflcrent parts of the 
globe, was induced to reject the opinion that their shape 
represented the form of the original iKittoni. Insl4*ad of 
admitting that the ring of dead coral rest^Ml on a circular or 
oval ridg<! of nick, or that the lagcM>n ci^rren ponded to a pre- 
existing cavity, he a<lvaneed a new opinion, which must, at 
first sight, seem paradoxical in the extreme: namely, that 
the lagoon is }>recisely in the place once occupied hy the 
highi^st part of a mountainous island, or, in other eases, by 
the top of a shoal. 

The following is a brief sketch of the facts and arguments 
in favour of this new view: Hesides those rings of dry 
coral which en(*lose lagoons, tlnu*e are otlnTs having a similar 
form and structure which em*ircle lofty islands. Ot the latter 
kind ia V^inikoro (see Map, fig. do, p. 587, Vol, L), cele- 
brated on account of tin* shipwrerk of La Pt*yr<»use, wIutc 
the coral reef runs at tlie distance of two or three miles 
from tin* shore, the channel b<*tween it and the land having 
a genenil d(*pth of lx*twt**‘n 2o0 and d(H) ft*ct. This chan- 
nel, UnTcfort*, is anal(»gous to a lugoiui, but with an island 
standing in the initldh*. In likt* manner in Tahiti we 
see a mountainous land, with every wln^re round its mar- 
gin a lake <»r zone of smooth salt wat^u*, sej»arated from the 
ocean by an encircling reef of ci>ral, im which a line of 
breakers is ahvays foaming. So also Xcw Cale<louia, a long 
narrow island east of New Holland, coinposi*d partly of 
granite and partly of triassic sandstone, is surrounded by a 
iwf 400 miles long. This reef encompasses not only the 
island itself, but a ridge of n>cks which is prolonged in the 
same direction bem^ath the sea. No one, therefore, will 
contend for a moment that in this case the corals are based 
upon the rim of a volcanic cniter, in the middle of wliich 
stands a mountain or island of granite or siindstone. 
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The great barrier reef^ already mentioned aa running paml* 
lei to the north-east coast of Australia for nearly l^tHKl milm, 
is another most remarkable €*xample of a long strip of coral 
running {)arallel to a coast* Its distaxii'e fn>m the main- 
land runes from 20 to 70 miles, and the depth of the 
great ann of the sea thus enclosiHl is usually betuwn 10 
and 20 fathoms, Imt towanls one end fi\>m 40 to 00. This 
great w<uild extend much farther, aeeonling to Mr. 

Jukes, if the growth of coral \vt‘n» not j>revenhMl off the 
shores of New (Jtiinea by a muddy IxOteMU, einistHl by rivers 
charged witli siMliiiuMit which tlow fn>m tlie southern c<HVst t>f 
that gnnit island.* 

Two classes of rt*efs, tlierefoiv, huvt» now been considered ; 
first, the atoll, and, s<‘coth]ly, the om^ircliiig arnl harritT retd’, 
Isith agreeing pcrfc< tly in striictnns and the sole diffen^nce 
lying in tin* absetn*<‘ in tin* ease of the atoll of all land, and 
in (he (»thers the pr(*sence of lanil iM»unded either by an »*n- 
circling or a harrier reef H»ii there is still a thinl class of 
re(‘fs, calh‘d by Mr. Darwin ‘ fringing reefs,' whi<di upproindt 
inuch nearer the land than thoH<‘of tlu* eindrcling and harrier 
class, and which indeed so nearly (oucdi tlie coast us t«> 
leave nedhing in the intervening Hpa(‘e resiniihlifig a lagoon. 
‘That tlu‘se re<*fs are n<»t attaidnal <jnite <dose U) the shore 
appears to he the n*sult of two eaiises ; first, that the wat4*r 
immediately adjoining the heaeh is rendensl turbid by the 
surf, and therefon? injurious to all y,oojdiy1t*H ; and, secondly, 
that the larger and etHeient kinds only flourish or» the ouh*r 
edges ainidst the hn^akers 4»f the oj>en sea.'t 

It will at oin‘e In* eoiie^sled that there is so much analogy 
Ix^tween the form and position <»f tin? strij) <»f c<»ral in the 
atoll, and in tlie encircling ami harrier re<*f, that no ex|d*tiia- 
tion can be satisfa('tory whi(di does m»t include the whtde. 
If we turn, in the first place, to the erjeircling and harrier 
n^efs, and en<leavonr to <*x[dain how the /oopliytes could 
have found a lj<itto!n t>n which to begin to Injild, w^* are met 
at once with a great difficulty. It is a gem*ral fact, long sijiee 


• Qtmrt. 4. xriii. 

t iMrwiu’t Jiiuro,, p- .^>7, 2Rd oJit. 
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remarked bj Dampier, that high land and deep aeaa go 
together. In other words, steep mountains coming down 
abruptly to the sea-shore are generally continued with the 
same slope bemnith the water. But where the reef, as at 
b c (fig. 162 ), is distant several miles from a steep coast, a line 

Fig. 162 . 


A 



tpili of Mti IsUiol wjili oij Jiitg r»v'f of » rnl. 

A. Thoisintnl. 

t»,€. fllgh*wt of the whlt tn urn! the cvi<wn is jm-* n a tupmcv 

iM r nioi'il hy still wut* r. 

drawn perjH»iidi(?ularly downwardn from its oiiU^r cdj^fes r, to 
the fandHTm‘nial rock d inufit dcHccinl to a depth (‘xeeeding 
by several thoumuid feet the lirnitrtat whieli the etheient stone- 
building (forals can exist, for we have seen that tht‘y cease 
to ^row in wator which is more tluiTi 120 feet d“t»p. That 
the ori^^inal rfK'k itninediately beneath the points h r is ac- 
tually as far from the surface d e, is not merely inferred from 
Dampier’s ruh», but continued by the fatd, that, immediately 
outside the reef, soundings ur(» either uot met with at all, or 
only at enormous dcjiths. In short, tlie ocean is as de4*p as 
mij.jht have bt^en anticipated in tlie nei^blHmrhood of a b<»ld 
coast; and it is obviously the presemv of the coral alone 
which liHvS |;^iv<»n rise to the anomalous t‘xistence c>f shulKuv 
water on the reef and bidween it ami the land. 

After studying in minute dtdail all the phenomena almve 
descrilanl, Mr. Darwin 1ms offen»d in explanation a theory 
now very generally adopted. The coral-forming polypi, he 
states, bi'gin to build in water of a imHlemte deptli, and, while 
they are yet at work, the bottom of the sea subsides gradu- 
ally, so that the foundation of their edifice is carried down- 
wanls at the same time that they are raising the 8U{>erstruc- 
ture. If, tlierefort?, the rate of subsidence be not t<x> rapid, 
tlie growing coral will continue to build up to the surface ; 



Ctu xwL] cmam of taeie fom flO* 

the nmm always gaining in height abore its original 
but remaining in other respeets in the same poaition* Not 
m with the laml : eaeh inch lost is irreclaimably gone ; at it 
sinks the water gains foot bj fi>ot on the shore, till in many 
erases the highest |>eak oC the original islaiul disapj^ears^ 
What was before land is then occupied by the lagi>otn the 
position of the encircling coral n'lnaining winUtertHi, with the 
exeepthm of a slight contraction of its dimensions. 

In this manner are encircling reefs and atolls pro<luciHi ; 
and in confirniatiiin of his views Mr. Darwin has |K>iut4Hl out 
examples which illustnite every inti^rinediate state, fn>m that 
of lofty islands such as Otaheite, encircUsl by coral, b) that 
of (iainbicr’s grtmp, where a few jHuiks only of land rise out 
of a lag<M»n, and, lastly, U> th** jH*rf»*ct atoll, having a lagcsm 
s<‘veru] ImndnMl tVet deep, surrotnuleil by a reef rising diH»ply 
from an iinfatlioiinsl ocean. 

If wt* etnbrutM* these views, it is elear, that in regi<uis of 
growing coral a similar subsidence must give rise to barrier 



reefs along the slmres of a continent. Thus «upjw»s«‘ A 
(fig. IfJo) to rt•J>ri^sent the nortloeast j>ortion of Australia, and 
h c the ancient level <if the s<‘a, when the c(*ral r«?ef </ wa^ 
formed. If the land sink so that it is suhriH'rged more and 
luorts the sea must at huigth stand at the level e /', the reef 
in the meantime having la^en eiilarg«*d and mined to the 
p<dnt (j. The distance between the shore/, and the barrier 
reef 9 , is now* much greater than orig’inally betwwn the 
shore c and the r<‘ef and the longer the subsidence con- 
tinues the farther will the coast of the mainland recede. 

When the first edition of tlu« work apfKfured in 18S|, 
aeveral years before Mr. Darwin had investigated the facta 
on which this theory is founded, I huA come to the opinion 
that the land was subsiding at the bottom of those parts of 
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till? Pacific where atoll« are nutnero0ft, althoagh I failed 
perceive that such a Bubsideiiee, if wiiceded^ would equally 
iMdve the enigma a» to the form both of annular and barrier 
reefs* 

I shall cite tlie piissage referred to, as published by me in 
ISJil;— *lt is a remarkable eiremuHtanee that there should 
l>e so vast an urea in East^Tn Oteanicu, sttidded with 
minute islands, without one single spot where there is a 
'vider extent of land than belongs to sueh islands as Otaheito, 
Owhyhee, and a few others, whi<,*h either have lunru or are 
still the seats of active voleuiios. If an erpiilihriuin only 
were in untuine<l Is^tween the upheaving and depressing force 
of <»artli<juakes, large islaiids \V4>uhl V4‘rv soon l>e fonne<l in 
thf' Pacili(* ; for, in that <'ase, the growth of limestone, the 
flow'ing of lava, and tlie t*j<‘4*tion of volcanic ashes, wtuild 
eomhine with the upheaving fon^* to form mov land. 

‘ 8uppoH4> a shoal, OiM) mih*s in hmg'th, to sink 15 fetd, 
and then to r<Mnain uninov<*J for a tleaisand years; during 
that interval the growing coral may again approach the 
surface. Then let the mass he rt‘-4*l<*vat<‘d 15 ft*et, so that 
the original r(M*f is restored to its formt‘r [)osition: in tliis 
case, the ntwv c<)rul formed sinc<* tie* first suhsitleiice will 
(‘onstitute an island tiOO milrs l<»ng. An analogous rt'sull 
would Imve occurr4*d if a lava-tMirrent 15 ieet thick ha«l 
overrlovvctl the suhmergf»d reef. The ai>sencc, thenTons of 
more extensive tracts of land in tie* Pacitic seems to show 
that the unemnt of subsidenet* by eartlepiakes exceeds, in 
that quart4?r of the gloljs*, at present, tie* tdevation die* to tie* 
sane* cause.’ ^ 

Anotle*r proof also of suhsiib fea* dt*rived from tie* struc- 
ture of at^dls, was p4>intt*d out by me in the following 
passage in all foriie*r eiliti^ms, "Tlie liov coral islands of 
tie* Pacifii*,* says Captain Ib*t»4de*y, • follow one general rule 
in having their wimlvvard si«le hight*r and mon* j>i*rfect than 
the other. At Gamhier ami Matilda Islands this imapiality 
is very eonspiouous, the weatle*rside of both bidng wcxaled, 
and of the former inhabited, while the other sides are from 


• 80t* rrincipU'it of Gool<>gT, Ut rol. u, p. 296. 
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20 to 30 feet under water ; where^ however, they uiay be 
perceived to be t^qinallv litul well tlefiiie<K It ui on 

the leeward aide also that the eiitmnwa into the lagoont 
occur ; and althoujjh they may aoinetimea be aituatiHl on a 
aide that runs in the dinN'thm of the wind, aa at Ik»w 
Island, yet tlnw are iioru* to windwanl/ These olmervations 
of Caphiin B<?echey acct»nl with thi^se which Captain Hors- 
bur^h and other hydrot^raphers have made in n^pird to the 
coral islands of other seas. Fnun this fortunah* circum- 
stance ships can enter and siiil out with ease ; whert'as if 
the narrow inlets were to windward, vessels which once 
entered mij^ht not sm eoed for months in mukino their way 
out a;:fain. The well-known st*cunty of many of those 
ImrlKHirs d<»pends entirely on this fortunate }M*culmrity in 
tludr strm’lure. 

• In what luauuer is this siii'.^tdar coiiformuticm to he ac- 
couutetl for? Tho action of the wa\**H is seiUi to Is* the 
cause of tlu* superior elevation of soim* reefs on their wind- 
ward sides, wljere sand and lartfe niassf*s id’ (‘oral rock art 
thrown up hy tie* breakers; hut tleu'e is a varitdy <d* cases 
wduTi* this cause alone is inadcipialt* to std\ e tin* problem ; 
f<»r r(*«d‘s suhmereed at consid»‘ral»le depths, \vln*re the luove- 
inents <»f tin* S(*a cauind exert iiiueh |>o\v(*r, liav«*, m*v(‘rtheh*ss, 
tlie suun* ('Ouformatiou, the le(‘\vui«l hein;^ much It^wer thuti 
the windward side.^ 

" I am inf(»rm(*(l hy Captain Kino, that, (»n (‘Xaininiti;^ tin* 
reefs called Ko\\h*y Slnmls, which li»* idf’ the north-vvi^st 
(*oast of Australia, \vln*re the east and W(*h 1 monsoons [irevail 
alternately, he found the ep(‘n sidt* of om* t‘reK(*(*n(-slm|N*d 
reef, tin? lmperi<*use, tnnnnl to the east, and of another, tin* 
Mermaid, turned to the west ; xvhile a third oval r(**’f, of the 
saiin* i^roup, was entirely suhiiier^osl. This want of con- 
formity is exa<*tly what xve should (‘Xpect, where the winds 
vary [x*ri<Klically. 

‘It seems imp<»ssihle to refer the plnunmienon now under 
consideration to any ori|firml uniformity in the confi^fumtion 
of suhniariiie volcanos, on the sunuuits of which We may 


• Vovage to the Pacific, &c., p, IHV. 
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ioppoRe the coml reefs to grow; for althoagh it is wery 
common for craters to be broken down on one side only, we 
cannot imagine any cause that should breach them all in the 
same direction. But the difficulty will, perhaps, be removed, 
if we call in another part of the volcanic agency — subsidence 
by earthquakes. 8upj>ose the windward bivrrier to have been 
raised by the mechanical action of the waves to the height 
of 2 or H yards als^ve the wall on the leeward side, and 
then the wh<de island to sink down a few fathoms, the ap- 
pearances described would then K* presented by the sub- 
merged reef. A rejK*iition of such operations, by the alter- 
nate elevation and ibqiression of the same mass (an hypothesis 
strictly conformable to analogy), might produce still greater 
incHjuality in the two sides, especially us tin* violent efflux 
of the tide has probably a strong tendeney to cheek the 
accumulation of the more tendt*r corals on the leeward reef ; 
while the ticiion of the breakers coiitributes to raise the 
windward barri(*r.’* 

Previously to my adverting to the signs above (‘numerated 
of a downward movement in the bed of the ocean, Dr. 
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Maoculloch, Captain Heechev, and many other writers had 
shown that masses of reeeiit conil had been laid dry at 
various heights alH»ve the st‘a-Ievel, in the Red S<*a, the 
islands of the Pacific, and in the East and West Indies. 
After describing thirty-two coral islands in th(* Pacific, 
Captain Beechey mentioned that they were all fi)rmed of 
living ce>ral except one, which, althougli of coral formation, 
was raised about 70 or 80 feed aW>ve tlie level (d‘ the sea, 
and was encompassed by a reef of living coral. It is called 
Elizabeth or Henderson's Island, and is 5 miles in length 
by 1 in breadth. It luis a flat surface, and, on all sides, 
except the north, is iKJunded by perpendicular clifis above 
60 feet high, comjK>sed entirely of dead coral, more or less 

* See Princiri^ Oeol., l»t edit, 1832, toI. ii. p. 293. 
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porousy honejeoinbed i^i the BxvHkm^ and haidening into a 
compact ealeafeaoa maas, which yoemmm the fracture 
secondary limestoue^ and has a species of uiillepore inter- 
spersed through it. These cliffs arc* considerably underiniued 
by the action of the waves, and some of them appear on the 
eve of prtHnpitating their sii{>erincumbent weight into the 
sea. Those which art* less iiijurcHl in this way present no 
alteniate ridgc*s or indication of the different levels which 
the sea might have occupied at differc*nt jwriods ; but a 
smooth surface, us if the island, which has probably Ikh^u 
raised by volcanic agtuicy, had betni forced up by one grt»at 
subterraneous convulsion.^ At the distance of a few hun- 
dred yards from this island, no Inittom could be gained with 
2(X1 fathoms of line. 

It will lie seen, from the annexed sketch, cumuiutucated 
to me by Lieut^umni Smith, of the liU^ssorn, that the tret'^s 
came down to the Isnn’h towards the centre of the island, 
when* there is a break in the clifts resembling at first sight 
the openings w‘hi<di usually lead into lag<»(»UH ; but the trei*s 
stand on a steep slope, ami no hollow of an ancient lagoon 
was p<*rceived. Beeeh4*y also nuuarks, that the surface of 
HeiulerHon’s Island is flat, and that in (^ueen Charlotte’s 
Island, one of the* same group, hut under water, there was 
no higmm, the coral having grown up everywhere to one 
level. The pn»bahh‘ cause of this obliteration of the central 
basin or lagi>on will be considered in the w*<jnel. 

That the bed of the Pa< itic and Indian Oceans, where 
atolls an* frequent, must have been sinking for ages, might 
Ik* inferred, says Mr. Darwin, from simply reth*ctirjg on two 
facts ; first, tliat the effi(uent conil-huihling zoophytes do not 
flourish in the ocean at a greater depth than 12<> feet; and, 
secondly, tliat there are spaces occupying areas of many 
ImndnMl thousand sijuare miles, where all tlie islands e<insist 
of coral, and yet none of which rise to a greater height than 
may be accounted for by the action of the winds and waves 
on broken and triturated coral W'ere we Ut take for granted 
that the floor of the ocean had remained stationary from the 
time when the coral began to grow, we should be compelled 

• Betchey'ft Voyage to the Piiciftc, p. 40. 
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to aura me tlmt an incredible number of gnbmarine moan- 
tains of vast height (for tUe ocean is always deep, and often 
unfathomable between the different atolls) had all come to 
within 120 feet of the surface, and yet no one mountain bad 
risen above water. But no sooner do we admit the theory of 
subsidence than this great difficulty vanishes. However 
varied may have bc?en the altitude of different islands, or the 
separate js*aks of particular mountain-chains, all may have 
l)een reduced to (me uniform level by the gradual submer- 
gence of tlie loftiest points and the additions made to the 
calcareous cappings of the h^ss elevated summits as they 
subsided to great dejiths. 

le/o tlir hnjfutnf*.— In the general description of 
atolls and (un ircling it was nnmtionod that tliere is 

ulinosi always a <h‘ep narrow passag<* opening into the 
lagoon, or into the still wat(*r betwetm the rt^ef and the 
shore, wliich is kt*pt o[Km by tin* efflux of the sea as tlie 
tide g(H‘S down. 

Tin* origin of this cliannc*! must, according to tlie theory 
of Kubsidtnice Indore ( xplaiiied, Im‘ tra(*ed back to causes 
which were in action during tht? existence* of the encircling 
read’, and when an island or niountaiii toj^ n^sc within it, for 
siicli a rtad' j)rcci*des the at<»ll in the ord(*r of formation. 
Now in tliime islands in the Pm itic, which are large enough 
h.) feed small rivers, then* is gt*m*rally an opening or channel 
in the surrounding coral nnd* at the judnt wIktc tin* stream 
of fresh water (Uiters tli«‘ s(*a. The d(*pth of these chaiiiiels 
rarely exceeds 25 ttad ; and they may be attributed, says 
Captain Jieecluy, to the uvi*rsion o{ tlie litla^diytes to fresh 
water, ami to the probabh* absema* of the mineral matter of 
which they construct their habitations.* 

Mr. Darwin, however, has shown, tlnit mud at the bottom 
of river-courses is far more iiiflmmtial than the fu‘sbnes8 of 
the water in preventing the growth of the prdypi, for the 
'ivalls which enclose the openings are perjmndicular, and do 
not slant off gradually, as would bt? the case, if the nature 
of the element presented the only obstacle to the increase of 
the coral-building animals. 

* Voyage to the Pucific, p. 194. 
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WbaQ a brea<^h lias thus hmn iiia4s in the reef it will be 
prevented from closing up bj the efflux of the sea at low 
tides ; for it is sufficient that a reef should rise a few feet 
above low-water mark to cause the vraters to collect in the 
lagoon at high tide, and when the sea falls, to rush out at 
one or more points where the reef happens to be lowest or 
weakest. This event is strictly analogous to that witnessinl 
in our estuaries, where a body of salt water accumulated 
during the flow issues with gn>at velocity at the ebb of the 
tide, and scours out or keeps open a dtH*p passage through 
the bar which is almost always formed at the mouth of a 
river. At first there are probably many openings, but the 
gn)wth of the coral tends to obstruct all those which do not 
serve tis the principal channels of discharge; so that their 
numlw'r is gnidually reduced a few, and ofUni finally to 
one. The fact observinl universally, that tlie principal <»iH»ning 
fronts a considerable valley in the eneirchsl island, btftweeu 
the shores of which and the outer reef there is t>ften deep 
water, scarcely leaves any doubt as to the r«*al origin of the 
channel in all those countless atolls where the nucleus of 
land has vanished. 

Size of nfolh and harrier ree/n , — In regard to tlie dimen- 
sions of atolls, it was stated that some of the smallest ob- 
served by Beechey in the Pacific \venM»nIy a mile in diameter. 
If their external slope under waWr tn|uals u{)on an average 
an angle of 45'', then such an atoll at the depth of lialf a 
mile, or 2, (MO feet, would have a diamebT of two miles. 
Hence it would app<?ar that there must be a Umdency in 
every atoll to grow smaller, except in those castes wdn^re 
oscillations of lev(d enlarge the base on which the conil 
grows by throwing down a talus of detrital matter all round 
the original cone <»f limestone. 

Bow Island is described by Captain Bee<!hey as 70 miles in 
circumference and dO in its greatest diameter, but we liave 
seen that some of the Maldives are much larger. 

As the shore of an island or continent which is sulisiding 
will recede from a coral reef at a slow or rapid rate acconling 
as the surface of the land has a steep or gentle slope, we 
cannot measure the thickness of the coral by its distance 
von. u. BE 
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from the coast ; jet» as a general role» thoae reefa which are 
farthest from the land imply the greatest amount of sub- 
sidence. We learn from Flinders, that the barrier reef of 
north^^esstern Australia is in some places 70 miles from the 
mainland, and it would seem that the calcareous formation is 
there in progress 1,000 miles long from north to south, with 
a breadth varying from 20 to 70 miles. It may not, indeed, 
hii continuous over this vast area, for doubtless innumerable 
islands have tn^en submerged one afk*r another between the 
reef and mainland, like some which still remain, as, for 
example, Murray’s Islands, lat. 0® S. We are told that 
some parts of the gulf enclosed within the barrier are 400 
feet deep, so that the etlicient rock-building corals cannot 
be growing there, and in other parts of it islands appear 
encircled by reefs. 

It will follow ns one of the consequences of the theory 
already exjdained that, provided the lK)ttom of the sea does 
not sink too fast to allow the zoophytes to build upwards 
at the same pace, the thi(‘kne88 of coral will be great in 
proportion to the rapidity of subsidence, so that if one area 
sinks 2 feet while an(»th(*r sinks 1, the mass of coral in the 
first area will lx» double that in the second. But the down- 
ward movement must in general have been very slow and 
uniform, or, where intermittent, must have consisted of a 
great numbt^r of depressions, ea<?h of slight amount, other- 
wise the bottom of the sea would have been carried down 
faster than the corals could build upwards, and the island 
or continent would be permanently submergfMl, having 
reached a depth of 120 or 150 feet, at which the eflective 
reef-constructing zoophytes cease to live. If, then, the sub- 
sidence rt^quired to account for all the existing atolls must 
have amounted to 3,000 or 4,000 feet, or even sometimes 
more, we are brought to the conclusion that there has been 
a skm and gradual sinking to this enormous extent. Such 
an inference is perfectly in harmony with views which the 
grand scale of denudation, everywhere observable in the 
older rocks, has led geologists to adopt in reference to up- 
ward movements. They must also have been gradual and 
continuous throughout indefinite ages to allow the waves and 
currents of the ocean to operate with adequate power. 
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The map eonubrm^ied bj Mr. Darwin to dtaplaj at one 
Tiew the geographical position of all the coral reefs tlirongh- 
out the globe is of the highest geological interest, leading 
to splendid generalisations, when we have once embraced 
the theory that all atolls and barrier n^efs indicate reoetit 
subsidence, while the presence of fringing reefs proves 
the land to bi* stationary or rising. These two classes of 
coral formations are depicted by different colours ; and 
one of the striking facts brought to light by the same 
claasiiieation of coral formations is the absence of active 
volcanos in areas of subsidence, and their frequent presence 
in the areas of elevation. T!ie only supiiosed exception to 
this remarkable coincidence at the time when Mr. Dan^'in 
wrote, in 1842, was the volcano said to exist in Torivs Strait, 
at the northern ])oint of Australia, placed on the Isirders of 
an area of subsidence ; but it has U^en since ascertained 
that this volcano has no existence. 

We see, therefore, an evident connection, lirst, iK^tween 
the bursting forth every now and then of vcdcanic inalU^r 
through rtmts and tissures, and the (expansion or forcing out- 
wards of the (^arth's crust, and, KtM*ondly, Udweena dormant 
and less en(»rgetic development of Huhterrunean heat, and un 
amount of subsidence sufficiently great to cause mountains h) 
disapjiear under the broad face of tin* ocean, leaving oidy 
small and scattered lagoon islands, or gri>ups of atolls, U> 
indicate the spots where those mountains onee sUkkI. 

On a review of the dift'ereiitly-cohmred n,‘efs on the map 
alluded to it will Ix^ secui that there are large spaces in 
which upheaval, and others in which di'pression prevails, 
and these are placed alternately, while there are a few 
smaller areas where movements of oscillation occur. Thus 
if we commence with the western shores of South America, 
between the summit of the Anders ami the Pacific (a region 
of earthquakes and active volcanos), we find signs of recent 
elevation, not attested by coral formations, which are want- 
ing there, but by upraised banks of marine shells. Tbt*n 
proceeding westward, we traverse a deep ocean without 
islands, until we come to a band of aUdU and encircled 
islands, including the Dangerous and Society archipelagos, 



m 


FOEMATIOH OF COEAL BEEBS. 


tCE. XliX. 


and eomtitatmg an ares of sabtidence more than 4,000 miles 
long and 000 broad. Still farther, in the same direction, we 
reach the chain of islands to which the New Hebrides, 
Solomon, and New Ireland belong, where fringing reefs and 
masses of elevated coral indicate another area of upheaval. 
Again, to the westward of the New Hebrides we meet with 
the encircling re<*f of New Caledonia and the great Australian 
barrier, implying a second area of subsidence. 

The only ob]*}ction deserving attention which has hitherto 
Ix^n advauce<l against the th*‘ory of atolls, as before ex- 
plaincMl (p. 600), is that proiK>sed by Mr. Maclaren.* ^ On the 
outside/ he observes, ‘ of coral reefs very highly inclined, no 
iKittom is sometimes found with a line of 2,000 or 3,000 feet, 
and this is by no means a mre case. It follows that the reef 
(Uiglit to liave this thickness ; and Mr. Darwin’s diagrams 
show that he understood it so. Now, if such masses of coral 
exist under the sea, they otight somewhere to bt^ found on 
terra firma; for there is evidence that all the lands yet visited 
by geologisis have been atone time subiiufrged. But neither 
in the grt'ut voleani<‘ chain, extending from Sumatra to Japan, 
i)t>r in tlie West Indies, nor in any other region yet explored, 
has a bed or formation of conil even 500 feet thick been dis- 
covered, HO far as we know.’ 

When considering the objection, it is evident that the 
first fjuesiion we have to deal with is, whether geologists have 
not already discovcn'd calcareous masses of the requires! 
thickin‘HS and st nurture, or precisely suc-h as the upheaval 
of atolls might he ex}>ected to <*xpose to view We are called 
upon, in short, to make up our minds Isdli as to the intenial 
composition of the rocks that must result from the growth 
of corals, whether in lagoon ivslands or barrier reefs, and the 
external shape whi(di the rt^efs would retain when upraised 
gnnlually to a vast height, — a task by no means so easy as 
some may imagine. If the n^ader lias pictured to himself 
large masses of entire corals, piled one ui>on the other, for a 
thickness of several thousand feet, he unquestionably mistakes 
altogether the nature of the accumulations now in progress. 


^V'ot»maD, Not. )S42. adcI Jamosoaa Edin. Journ. of Scieoce, 184^ 
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In the first place, the strata at pn^etit forming rerf exten* 
sirelj oTex the bottom ot the ocean, within such barrier reefs 
as those of Australia and New Caledonia, are known to consist 
chiefly of horizontal layers of calcareous sediment, while here 
and there an intermixture must occur of the detritus of 
granitic and other rocks brought down by rivers from tlie 
adjoining lands, or washed from sea-cliffs by the waves and 
currents. Secondly, in regard to atolls, the stone-making 
polypifers grow most luxuriantly on the outer edge of the 
island, to a thickness of a few feet only. Ih^yoiul this margin 
broken pieces of conil and calcareous sand are stn^wed by the 
breakers over a st^ep seaward sIojh^ and as the subsidence 
continues, the next coating of lii’e ct>nil dot‘S not grow ver- 
tically over the first Iuy<‘r, hut lUi a narrow annular space 
within it, the reef, as was heft»re statcil (p. 00?}), consUuitly 
contracting its dimensions as it sinks. Thirdly, within the 
lagoon the accumulation of calcareous matter is chietly sedi- 
inentary, a kind of clialky mud dt*rived from the decay of the 
softer corallines, with a mixture of caleanH^us sand swept by 
the winds and waves from tlie surrounding circular reef. 
Here and there, but only in [airtiul clumi)S, are found living 
Corals, which grow’ in the middle of the lagoon, and mixed 
with these and with line mud and sand, a gnnit variety of 
shells, and fragments of h^stacea and echinodermH. 

We owe to Lieutenant Nelson the discovery that in the 
Bermudas the calcareous mud resulting from the decom- 
position of the corals and nullij)ores resembles closely, but 
not microscopically, the ordinary white chalk of Kurofss,^ 
and this mud is curried to great distances by currents, and 
spread far and wide over the floor of the ocean. We also 
have opportunities of seeing in upraised atcdls, such tis Eliza- 
beth Island, Tonga, and Hapai, which ris(* al^Ae the level of 
the sea to heights rarying from 10 to HO fi*et, that the rocks 
of which they consist do not differ in structure or in the 
state of preservation of their included zi>ophytt;« and sheila 
from some of the oldest limestones known to the geologist. 
Captain Beechey remarks that the dead coral in Elizabeth’s 


* TmQt. G«!o1. 8 oc . Lcindon, 2d vol t. 
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Inland is ' more or less porous and honeycombed at the sor> 
face, and hardening into a compact rock which has the 
fracture of $eeonSary linieMton^^* • 

The island of l^^lo Nias, off Sumatra, which is about 3,000 
feet high, is described by Dr. Jack as being overspread by 
coral and large shells of the CAawfi [Trulaam] gigm^ which 
rest on quartzose and arenaceous rocks, at various levels from 
the sea-coast bi tlie summit <»f the highest hills. 

The cliffs of the island of Timor in the Indian Ocean are 
composed, says Mr. Jukes, of a niised coral reef abounding 
ill Adram^ Mitandrhui^ and Poriten^ with shells of Hiromhunj 
(!onic$^ Nerita, Arra^ Perten^ IVwns, and Lurinn. On a ledge 
alxiut 150 feet above the sea, aTridacna (or large clam shell), 
two f(H?t across, was found bedded in Ihe rock with closed 
valves, just as they are often 8(Hm in barrier reefs. This 
formation in the islands of Sandalwood, Surnbawa, Madura, 
and Java, where it is exposed in sea eliffs, w’us found to be 
from 200 to 300 feet thick, and it is believed to ascend 
to much greater heights in tli<‘ interior. It has usually the 
form of a ‘ clmlk-like ’ rock, white wlien broken, but in the 
weathered surface turning nearly black. f 

It app(*urs, therefore, jn'eumture to assert that there are no 
recent coral formations uplifted to great heights, for we are 
only iH'ginning to b(? acquainted with the geological struc- 
ture of the rocks of equatorial regions. Some of the upraised 
islands, such as Elizabetli and Queen Charlotte, in the 
Pacific, although placed in regions of atolls, are descrilKHl by 
Captain Beecbey and others us flat-topped, and exhibiting 
no traces of lagoons. In explanation of the fact, w^e may 
presume that, after they had been sinking for ages, the 
descending movement was relaxed : and while it was in the 
course of being converted into an ascending one, the ground 
remained for a long season almost stationary, in which case 
the corals within the lagoon would build up to the surface, 
and reach tlie level already attained by those on the margin 

* Bt>echey*8 Voya|r*‘* *• P- tht^sv coral cliffs are Dowknoirzi to 

t pHpf'r read to Urit. South- licloiig to the Tertiary period- 

luiiittou, 1846. l>r. Buucau informs me 
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of the reef. In this manner the lagoon would be effiiced^ 
and the island acqnire a flat summit. 

It may, however, be thought strange that many examples 
have not been notieeil of fringing rt^efe nplifti*d above the 
level of the sea. Mr. Darwim indeeil, cites one instance 
where the reef preserved, on dry land in the Mauritius, its 
jK^culiar inoat^like structure; but they ought, he says, to he 
of Hire occurrence, f(»r in the case of atolls or of barrier or 
fringing reefs, the chanicteristio outline must ustially be dt»- 
Btroyed by denudation us scmn us a rtH*f begins to rise; since 
it is immediately exposed to the action of the hnnikers, and 
the large and conspicuous corals on the outer rimi»f the ah)ll 
or barrier are the first to be destroye<l and to fall ujH>n the 
bottom of v<»rticul and nnderniined cHITh, After slow and 
continued upheaval a wreck alon<* cun remain of the <»riginal 
md‘. If, thcrifons says Mr. Darwin, ‘at some jHTiod as far 
in futurity a> tlic secondary rocks an* in tin* past, (he IkmI of 
the Pacific with its atolls and bairit'r reefs Hlnnild he C(»ii- 
verted into a continent, we may cmn eive that scarcely any 
<»r none of tin* t xisting reefs would Iw* pn*Herved, but only 
widely spn‘ad strata of <*alcareous nmtt4*r derive<l from their 
wear and tear.’ * 

When it is urged in sup|*ort of tlie ol»j(‘ction lx*fore stated 
(p. 0)12) that the theory of atolls by subsidence iin|)lic»H the 
accumulation of cal(‘an*ouH fonnutiuns 2,000 or 'd,000 feet 
thick, it must be conccdtal that this eHtiniat4? of the mini- 
mum tliickness of the deposits is by no meauH exaggenibnl. 
On the contrary, when we consider that the space over which 
atolls are scattered in PolyncHia and the Indian oc*(*an« may 
b<? compared to the whole (umtinent of Asia, wc cannot 
but infer from analogy tliat t)ie dilfcrenreH in Iev<*l in so 
vast an area have aiiiountcd, ant(*cedently to subsidence*, to 
5,000 or even a greater nuinlK,*r of f(*et. WhaO-ver was the 
difference in height Ixdween the loftiest and lowt^st of the 
original inouiitains or inountaimuis islands on which the dif- 
ferent atolls are based, that difference mtist represent the 
thickness of conil which has now reduced all of them to one 
level. Flinders, therefore, by no means exaggerated the 

• Letter to Mr. M»<^l4ireD, IS43. 
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Tolume of the limestone, wbich he conceiTed to have been 
the work of coral anioiali ; he was merelj mistaken as to 
the manner in which they were enabled to bnild reefs in an 
nnfathomed ocean. 

But is it reasonable to expect, after the waste caused by 
denudation, that calcareous masses, gradually upheaved in an 
open sea, should retain snch vast dimensions? Or may not 
limestones of the cnttaceous and oolitic epochs, which attain 
in the Alps and Pyrenees a thickness of 3,000 or 4,000 feet, 
and are in grcjut part made up of coralline and shelly matter, 
present us with a true gt*ological counterpart of the recent 
coral reefs of equatorial seas ? 1 am also reminded by Dr. 

Duncan that the Miocene coral formations of Jamaica are 
enormously thick. 

Before we attach serious iui[H)rtance to arguments founded 
on negative evidence, and opposed a theory which so 
admirably ex[>lain8 a great variety of complicated phenomena, 
we ought to rememl»er that the upheaval to the height of 4,0(K) 
feet of atolls in which tlie c<irulline limestone would be 4,000 
feet thick, iinplit?8, first, a slow subsidence of 4,000 feet, and, 
secondly, an elevation of the sume amount. Even if the re- 
verse or ascending nHoenient began the instant the down- 
ward one ceased, we must allow a great lapse of ages for 
the accomplishment of th(» whole operation. We must also 
assume that at the comim*nc<»inent of the pericsl in question 
the equatorial regions w€*re as titt<*d us liow for the support 
of reef-btiilding zoophytes. This j>ostuhite would demand 
the continuance of a com|)licated variety of conditions 
throughout a much longer periiKl than they are usually 
jH^rsistent in one place. 

To show the difficulty of speculating on the permanence of 
the geographical and climatal circumstances requisite for the 
growth of reef-building corals, we have only to state the fact 
that there are po reefs in the Atlantic, off the west coast of 
Africa, nor among the ishuids of the Gulf of Guinea, nor at 
St. Helena, Ascension, the Cape Verds, or St. Paul’s. With 
the exception of Bermuda, there is not a single coral reef in 
the central expanse of the Atlantic, although in some parts 
the waves, as at Ascension, are charged to excess with cal- 
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ouecms matter* The eapricioua dietribotion of ooral rmh ii 
probably owing to the absence of fit atatiouis for the reef* 
bailding polypifers, other organic being* in tho«e regioiii 
obtaining in the great struggle for existence a mastery over 
them* Their absence, in whatever manner it U* accounted 
for, should put us on our guard against exjiecting upraised 
reefs at all former geological epochs, similar to those now in 
progress. 

Limey whence derivetL--T)r. Maceulloch, in his System of 
Geology, vol. i. p. 219, expresml Inrnself in favour of the 
theory of some of the earlier geologists, that all limestones 
have originated in orpinised suhstances. If we t»xanune, he 
miys, the quantity of limestone in the primary stmta, it will 
be found to bear a much smaller projK»riiou in the siliceous 
and argillaci^ous rocks than in the si'cotuhirv ; and this may 
have some connection with the rarity of testaceous unimals 
in the ancient ocean. He further inters, that in consequence 
of the operations of animals, ‘the quantity of calcari'ims 
earth deposited in the fi>rm <»f mud or stone is always in- 
creasing ; and that as a 84‘coiKlury serit^s far ^‘xcimhIh the pri- 
mary in this re8{>cet, so a third series may hereafter arise 
from the dei>ths of the sea, which may excci’d tin* last in the 
proportion of its calcareous stnita.’ 

The companitive scarcity t>f carlsjuate of lime in the oldest 
rocks insisted upon in tlic ])assuge h(‘re cit4»d, was chiefly 
deduced from observations on the geology of Scotland, with 
which Dr. Maceull(K!h was familiar. Of lute years our Cana- 
dian surveyors have taught us that the most ancient series 
of rocks yet discovered in the earth's crust, the Laurentian, 
contain vast formations of linufstone ; and the theory of me- 
tamorphic action, by which the ancient fossilifermis rocks 
have been transformed into those of the crystalline series (see 
Vol. I. p. 138), puts ns on our guard against ex|KfCting any 
exact correspondence in the quantity of [>arti<*ular minerals, 
such as lime, contained in the hyiK)gene, as contrasted with 
the incumbent formations. 

We observe that, in volcanic countries, then* is an enor- 
mous evolution of carbonic acud, either free, in a gaseous 
form» or mixed with water; and the springs of such dis* 
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tricta are ntimUy impregnated with carbonate of lime in 
great abundance. No one who ha« travelled in Tuscany, 
through the region of extinct volcanos and its confines, or who 
has seen the map constructed by Targioni (1827), to show 
the principal sites of mineral springs, can doubt, for a mo- 
ment, tliat if this territory was submerged Ixmeath the sea, 
it might supply tnak'rials for tlie most extensive coral reefs. 
The im{K>rtance of these sprirjgs is not to be estimated by tlie 
magnitude of the rocks which they have thrown down on the 
slanting sides of hills, altliough of these alone large cities 
iriighi Iw? built, nor by a coating of travertin that covers the 
soil in som«* districts for milon in hmgth. The greater i>art 
of the calcareotis matter passes down in a of solution 
to thf3 sea, and in all C4)untrirs the rivers which flow from 
chalk and other marly ami calcareous rocks carry down va^t 
quantitie‘S of liim* into the ocean. Lime is also one of the 
comjKment parts of angit(? and other volcanic and hy])ogene 
mineralH, and when these decomposi* it is set free, and may 
then find its way in a state of solution tt> the sea. 

The lime, tlu‘ri*fon*, eoidaim^d generally in st^a-water, and 
secreted so plentifully by the testacea and eorals of the 
Pacific, may have been derived eitlu'r from springs rising up 
in the bed of tie? ocean, or from rivers fed by ealcareous 
springs, or impregnated with lime derived from disintegrated 
rocks, both vtdeanic ami hypogtuie. If (his he admitted, the 
greater proportion of ]imesti»ue in the nion* modern forma- 
tions us compared to the im^st ancient, will lx* explained, for 
springs in general hold comparatively a small (piaritity of si- 
liceous and still less of aluminous matter in solution, but 
they" are continually subtracting cahauvous matter from the 
irdVrior rocks. Tlie constant tninsfer, therefore, of car- 
bonate of lime from the lower or older {>ortic>ns of the earth’s 
crust to tlie surface, must cause at all pi*riods, and throwgli- 
out an imh'flnite succession of geological ejK)chs, a prepon- 
derance of calcareous matter in the newer as contrasted with 
the older formations. 
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CONCLUDING REMARKS. 

In the conehiclinjj chapters of the First Book, I exatnine<l in 
detail a great variety of arg^umenta which have heen adducted 
to prove the distinctness of the state of the earth’s crust at 
remote and recent eiHKdis. Among other 8up{>osed pnmf* 
of this distinctness, the dearth of calcareous matter, in the 
ancient rocks above adverted to, might have Imkui consid<wd. 
But it would have l>t*en endless to utUunpt to n*ply to all 
the objections urged against those wdio would represent the 
course of nature at tlie earliest periods as resmubJing in all 
essential circumstances tlu» stati* of tilings now establishtHh 
We have simui that a stnmg desiro has hefii manifested to 
discover in the ancient nicks the signs of an epoch when 
the planet wa-s uninluibited, ami when its surface was in a 
chaotic condition and uninhabitable. The op[H>site opinion, 
indeed, tliat the oldest of the rocks now visible may Ix^^* the 
last monuments of an antecedmit era in which living la'ings 
may alreiuly have j)e<»j)led the land and water, lias been de- 
clared to be <‘qtii valent t<» the assumption that there never 
was a beginning to the present order of things. 

With equal jnstiee might an astronomer In!* accused of 
asserting that the works of creation extended thnmghout 
space, l>i‘<*anse he refuses to take for granted that the 
remotest stars now seen in the heuvcms are on the utmost 
verge of the material universe. Every iinprov(*ment of the 
telescojH* has brought thousands of new worhls into view; 
and it would, therefore, he rash and unphiloH<»phical to 
imagine that we already survey the whole exb'ut of the vast 
scheme, or that it will ever be brought witliin the sphere of 
human observation. 

But no argument can be drawn ih»m such premises in 
favour of the infinity of th<‘ space that has bt^mi filled with 
worlds; and if the material universe has any limits, it then 
follows, that it must occupy a minute and infinitesimal |>omt 
in infinite space. 

So if, in tracing back the earth’s history, we arrive at the 
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monummis of eyents which may have happened milliona of 
age« before our times, and if we stiJl find no decided evidence 
of a commencement, yet the arguments from analogy in 
support of the probability of a beginning remain unshaken ; 
and if the past duration of the earth be finite, then the 
aggregate of geological e|K>ch8, however numerous, must 
constitute a mere moment of the past, a mere infinitesimal 
portion of eternity. 

It has IxHui argued, that, m the different states of the 
earth’s surface, and the different species by which it has been 
inhabited, have all had their origin, and many of them their 
tennination, so the entire series may have commenced at a 
certain jx^riod. It has also been urged, that, as we admit 
the creation of man to have occurred at a comparatively 
modern epoch — as wf‘ concede the astonishing fjK?t of the 
first introduction of a moral and intellectual being — so also 
we may conceive the first creation of the j>lanet itself. 

I am far from denying the weight of this reasoning from 
analogy ; but although it may strengthen our conviction, 
that the present system of change lias not gone on from 
t‘lernity, it cannot warrant us in presuming that we shall 
be permitted to bebold the signs of the earth’s origin, or the 
evidences of the first introduction into it of organic Ixdngs. 
We aspire in vain to assign limits to the works of creation 
in spdcc, whether we examine the starry heavens, or that 
world of minute animalcules which is revealed to us by the 
inicro8eo|K», We are prepared, therefore, to find that in 
time also the coniines of the universe lie beyond the reach of 
mortal ken. But in whatever direction we pursue our re- 
searches, whether in time or space, we discover everywhere 
the clear proofs of a Creative Intt^lligence, and of his fore- 
sight, wisdom, and power. 

As geologists, we learn that it is not only the present 
condition of the globe which is suited to the accommo- 
dation of myriads of living creatures, but that many former 
states also were adapted to the organisation and habits of 
prior races of beings. The disposition of the seas, continents 
and islands, and the climates, have varied; the species 
likewise have been changed; and yet they have all been 
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80 modelled, on tjpee an&lc^oas to those of existing plants 
and animals, as to indicate, tbrouglioui, a perfect harmony of 
design and unity of purpose. To assume that the evidence 
of the beginning or end of so vast a scheme lies withm the 
reach of our philosophical enquiries, or even of our sjwcu- 
lations, appears to be inconsistent with a just cstimiitt* of tho 
relations which subsist between the finiU* jwwers of mail aud 
the attributes of an Infinite a»nl Eternal Ih*ing. 
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BUKCXSiiBDTS (D». Jacob) CteeroiiB ; or Art QnMa to Paint* 

km itt ItRly. E<KM hf Bit. !>«. A. Vo* Zauh, «Mt TranalBloi Br*m 

IImi OonoMi 11**. A. Cu>t}<»tt. Koti Btq. 0«. 

BTLIS' (SiB Jomi) FooBdAtioiii of BoUgion in the Mlod and 
Httin ol If nil. Po*t Bfo. { fWjr. 

BTBOV^S (Lew) Life, LeCien, and JonmalA Tbob aa Moou. 
WNfiel put**. 6 Vol*. P«*^. Ofo. IS#. ; or One Voltim«« 

FortraitA Bof *t Sro-, Ta 64. 

— — - and Poetical Workt Popular Editiom. 

Poitialt*. 2 Tol*. Hoynl 8*0. l&s, 

— Poetical Worka Likmry Edition. Portrait 6 VoV. 8 to. 466. 

Cabinet Edition. Hatea. 10 Vola 12iiio. 306. 

Pocket Edition. 8 VoU. 24mo. 216, In aeoee. 

Popular Edition. Platea. Koyat 8ro. 76. 6d. 

Pearl Edition. Crown 8 to. 26. Od. 

Childe Harold. With 80 EngraTinga, Crown Sro. 126. 

- lOmo. 26. 6d. 

Vignettes. 16mo. It. 

Portrait. 16ino. 6dL 

Tales and Poema. 24ino. 26. 6ct 

Miaoellaneoiia 2 Vola 24mo. 66. 

Dramas and Plays. 2 VoU. 24mo. 66. 

Don Jnan and ^ppo. 2 Vola 24mo. 66. 

Beaniiea. Poetry and Proie. Portrait Fcap. 8 to. 86, 6dL 


BCTTHAN*S LBXILOOUS; a Critical Examination of the 

MeMtilf of ii»»t»«r*iw Qre*^k Wortl*. cbinfir in Uutner mnd Heeled, 
By JUr. J. R, Kuhuaka IVll JSdUvm. Srx>. lie. 


IBBEODLAR QEEEK verbs. With all the 

TeiWie extent— th®tr Formettott. Sleealn*. end Bmure, wltti Kbtee, 
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irlth Bo U ow of Mitiiril UkPrf ml tlui fNioflc Wm4mU* ivOw li** 

... — ModigAAoar Be^itod. SotUAg fbrtli Iko Poiw 

MtloM Mil H«n>i« OntfMlOfi of iIm Notivo CiMlotUiMU IAmWaHoiml 
tit. 

— - - “ Momolr. Bj Hm 8o». With hk Okonotor u4 

Work. Bx K«v. llftitMT Attx)!ir, t>,0. BciriimJt #vo. tOt.ll* 

(Robikauh) Poemi wd f ngmooU of CAioUuiu lOoto* Si* 

BLPM1N8T0NE*S (Hon. HooirtofOABt) Hiiiorjr of lod l o^- th o 

llittdoo ml HiJMiiBodMi PoriolA, SijLik lio^ Ovo. lit, 

-- (H. W.) PattentM for Turning; Comjpridlif 

Anl olhor Tlifurot rut m tho wlttumt iho no# of Mf 

Oruoai^uUl i;Uttek. Wtih 70 lUuHrmtIuu#. OiOAtl 4to. 

KNOKL*S (Cl At) Mniie of the Mo«i Ancloni Kolio&i; portteolorly 

of ib» AMfriiow. ool llobrowt; wlib OpooUl RoloroiMw |o 

tiMi iHoeovori^ui in W^Mitoro AMo ond iu S^md MUim, WlAl 

100 lUtiotroflufii. 8#o. K't. Iif. 

KNQLANDt 8«o CituK^TT, Cii^Riitr IltMi, UiEKfiAX» Swititi 

on! OtilMorE. 

nrOLISH WOMAN IN AMERICA. Poii 8ro. 10 a Sa. 
ESSAYS ON CATHEDRALS. With w lolxodBoaoii. Bj 

lliAE flow AO*. »ro. 1^6#. 

ro^TR^nt. 

Boeolloetioiu of o D»«n.--BUU;>p ui OhuroHos of Iho OM Fotto* 

Corlitlo. -.t^oirl A, Frtoouui. 

CothoilroJI Cottont aud tbtlr Work.— W«Uh Catbolnl#.— fofuimo. 

Canoo Bortia Editoatlou of Ci»omt«ro.*^illf F* Uoio 

Caikolimft lo IroUtuI, Bant and Fu- \ fiu«rl«Y. 

tomu— IMan of Cat^tioi. j C*(t^ral SrbooU '—Canon DortMtinu 

Caiiio<h^Mi»tb«ir MMimary Attwot. | CatMral Uaforoi^Ciiaiioollor MaA 
<—4. J. B. B«rfo«furd llofM. »ioab«r(l. 

Catbrdral Foundarlont in HoIaBoo lo ^ llrUtfoii of fh# Cbaptor to tlbo BiohOf . 
Roifjrloaa XbouBiit —Canon Want- | C kunoirl lot Br noon, 
ootc I Irchftrrluro of tko Catkoliol 

Cfi«icl»#«— Canon VtnibioA 

ITHKOLOGICAL SOCIETY’S TltAKSACTIONS. Volfc t to 

VL «»«. 

ELZE’S (Kau.) LilS» of Lord Bmn. With « CrtUe«I Vmj Ml 
kto Flooo In Lllamtum. TraiwJM»d fmm tk« Oomian^ ml JBIitol wUii 
Molttk With Crtgittat Portrait aiui FhokIiuUo. loo. lit. 

riM ILT BBCKIPT-BOOK. A CoUeetioa of » TImmbA Tihslilo 

■at Doiflil awrtiX i. r«9.Sf«. U.ed, 

rABRAITS (A. 8.) CriUoat Hbtoiy of Wm ThoagU tn 

wO r a a i a teltoChrioaoaKrttotoN Oro. tO*. 

(f. W.) Origia of Loagaige, baaod m ICodan 

il iOin prt im i . Fo^^. Boo. It* 




VnOinMOini HMmjt oC Ardilleetu* fa an O w Uri ii 

Ami Am terti M t TImm. Vttt, 1. «i4 II. AMtMt aai IMimd. 
WSk M»0 IWMiWirtM*. »»•. 

T«L m. la<UM«Ml EMUn. Widi SOC lUMtn. 

tlMM. (AUkfAvK 

Yol. IV. llodcro. YTiOi 830 UlottnliiMM. 

JMHttBtvtt. tU.M. 

-- — Biid« St«B« M«mni«itto ia «1! CooatfiM; liMiir Ag* 

nA UiH. With ttO IttmentUMw. Madlnni INro. SI*. 

Holj Bapqklm tad tli« Toapla at Janaaima. 

W«o<Mta. Sm. 7*. a4- 

FliEXlllO*8 (P»onMM») Stadent** Mamudof Xonl PkUiMoplijr. 
With QuatetkiM isA Pwt hv«. 7«. ad, 

f LOWIK QABDEM. By B>v. Tao*. Jaaat. Ftifk. Svo. la. 
FOBI)’V.(Bi<nu>») Oatbariaga broai Bpala. PmI tvo. 8i. td. 

FOBSTTH'S (W tixua) Life aad Tinea of Cioero. With SeieoUaaa 
AwbUConMPMidaaMMKlOtiitloM. Third JttUmn. lUootntioM. Ore. 

to*, ad. 

- - Horteaeiue; an Hietorical Eeaay on the Office 

m 4 DttUt* of Ml A<Itoc«u. Sramti Maitiim, ItloiitrffilkTiM. 6 fo, lt«. 

HUiorjofaAiieiciitMftOUKTiptft. PoiSro. 2s* M. 

— NoTeU Md KoTdiiU of the ISih CeBiuij, in 

lUiiitfulion of tli« Mffintheri mmI ItormlB tif ibe Ago. >*oci boo. 1C«. 

POBTUNXIS (Bo»xir) MtimUTe of Two YMja to the Tea Coontrioa 

of I0I4NML TktrS JWlliofi. WooActitc f ToIb. PmI Ooo. 18*. 

FOSS* (Kdwgrd) Biographia Juridica, or BiograpMeal Bietioiiary 

of tlio JoaIim of Lotfloixl. ibo Conoiiost to tbo PrMOOt Tima. 
lOae^tbTO. Modlumbvo. ai«. 

- - Tabulae Cunmlea; or. Tablet of the Superior Courla 

of WoatmtiBitar Util. Slioving tb« Judgat obo tti la Ummi b%m 1060 
to 1064. bro. Ub U. 

FBANCSe doe MAaKHAM, Smta, SiudeaiV 

FRKKCH (Taa) in Algiert; The Soldier of the Foreign Leg i on * 
MiO tilt Pritteort tit AbOol-Ktdlr. Tnatltitd by LtdT Durr Ooaaen. 
Fttttro it. 

P££KK*8 (Sim lUmtti) IndUn Mitaionte Third Mdiiwn. 
OauUl Ovo. Of. 

Xiilem Africa at a field for Mitaionarj Labour. With 

Map. Cvowa iFtw ti. 

— — — Bengal Famine. IIow it wUl be Met and Howto Prerent 

Futttxe FtttUittt in lu< Ln. WUb Utpt. truiiii ^vo. fit. 

^ — (M.) Old Deccan DaT*; or Fairy Legenda Current in 

ioet^na Indit. With by Eia Baulb FtBtn With lUtietia^ 

Uoctt, fiitii. gvo. it. 

QALTOK*8 (Fluiioia) Art of TraTol ; or^ Hinta on the Shlfta and 
CeatrirmnoMi tvtllthlt in WUd Conn trite. l\nh WoeA> 

eiitt* Pott gro. ft. Oi. 

GIOOBAPHICAL SOCIETY’S JOrUNAL. {FuUithed Yearly.) 

OEOBGE’S (Burw) Moeel; » Seriee of Twenty Etchings nidi 
Peic ri yMee Viturpim*. Imperiel 4to. 43*. 

Loire and South of France; a Berica of Twantj 

IHehtogi, with D«aeH|>U*e T«jct Folto. 43i. 

OIBHAKT (HoiokT or). Sm Mauuuji. 




Hraumni »t wl iiuitAY. 


It 


QiroOB'8 (l»«Ait»} HWm 7 ef tM OmOm tmi iiil tt (kt 
l&IM ^ imi 4 mm Mltiiii* 

Umm iVtii. tv«, mk 

— (nm StiHlwlV OibW) ; tt %tli^ #f lh» 

ii»w tiMi if 

fly, tetfl^L. W0odbMlli» Yi. ML 

OltrABlXS (1 dvau») Daedt of BotoI Dwiagt **» AaodblM of 

tito IMUak rMO>tvo. U.U. 

OULDSTOBira (W. 1.) naoiMdal Stotonanti of 188t» tIM, tt-«8. 

•f*. 

OLBICTS (0. B.) CftnuMdfM of tho BriUtk Amy al .Wadklaftoa 

«uiA K#fr OrliM*. Jhmi Hr^ it. 

Story of ibo Bottlo of YrtUrieo. Pool too. So. td. 

- BuniiTO of Soto'oBrtiodo io A1%luuil»taa. PootSvo.lo, 

— Ulo of Lord Ctivo. Pool Bvo. So. Sd. . 

Sir Thonoa Mnaio. Pool Sro. So. Sd. 

QOLDSMITll’S (OuToo) Work*. Bditod with NoUo by Pirn 

CtnmtvmmkWL VXgmimrn. 4 V 0 U. iOi»» 

OOR!>OM*S (Bm Ktmt.) Bk«ieh«i OmoMik life, mtd Betmm 

Witfisr LIlMtrBtItm. 04 

{liAPT Dtrrr) Amb 0 r*Wltch : A TrW tor Wllch* 

«f«lt PMt t«. 

fyeoyli In Aigieri. 1 , Tbt Sold^rr ckf ilii Forrlftt 

Liftfm. t. Tli« I^MMEMmiof AlMiHd-KwIir. t^«Mt0<po* ttk 

OBAMMARS* flee Crtriev ; Hali#; Hurroir; Ki»0 ; 

MAtTRT.e; MAltTZBBi; 0«tTil. 

OEERCEL 8te ‘Smith— S i«dettt 

GREY’S (Eael) Comtpondenoe wUb King WiDUm IVUi atid 
8»r f ferbift T«ri<i^ 1000 14) r V^i#. Ihr*. WiUu 

PmrlkmeaUrf Oorermnent tnd Bttofmj with 

04ifXR*ti<m« for tt>« IwiMtHroitMmt of o«r BofrMMHfUtWi ifoiom. 
gtoooM JKtfff 4ofs« 0ro, fM« 

OBUBKR'3 (Lrwio) Tem-CotU AreUteetoro of BorUi Italy, 

from estfioful »t)4 WitM ItlmitlHttoHii ettimroA 

m 4 piialod In imotl folio* Aa* 

OinZOT^ (M.) MediUtion* on CbrUtUnity, tnd on tho Bdi(i;UMUi 
QitootiofU of tUo I> 03 r. Fort I. Thn Eonooro. fi^rt If* PfOMmA MtAtto 
Partlir KoUUoa to Hoelotr «ik4 OfiiUon. 9 Vole PoollNm* MOi* 

OBOTBB (Ononon) Hlotory of Oreoeo. From tho Eurlioiil TlaMt 

to UMcleMOftlM fomnllanaoataBrororrwKhtlMaoolhof AlOMoOor' 
UwOtOot. Litrmrg Miitian. Poitrolt. M»|mi. owO n«ii«. 10 Vohl. 0*^ 
1M(. OaUnt MdUum. Portrait oaO Plooa. IS VoU. Po«t0*«> 4 «.«mA. 

— Plow, itad othor Componionaof .Soenton. S Voio. Sro. 4S«. 

- I AuotoTM. Editod by Profowion Dttv and Bowufoon. 

fVolo. Sr*. 88«. 

Minor Works. Widi Critical Bonarka on kio 

latclloetao] CbmeMr, WrtUego. »»4 SrotciMO. tty AuiaJBaia, l«t..O, 
Portrait. 0*0, It*. 

PwMmal Life. Comptlod from Family DoonniMla, 

Prtrato HoaioraiuU. on4 Origfaol Lotton t» mi frooi Fartmo 
FriOBS*. By Mra. Urato. Partroit. Or*. IS>. 

(Baa.) Momoir of Arj Sekeffar. Portrait. Sro. Ss. Stf. 
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LIST or WIHUCS 


SAUn IT. 1>.) Sdiottl Mtoa*! of Isfibk Qnmmu, Wltk 
OtfMMSaWHiMM. Iteo, •i.M. 

IMbmh 7 Eadiab Onamr Ut Seliodi. 

ttMk 1«. ’ 

■ - CMEkTi Rrat LkIIb Book, inelvAag • SjatonmUe Traot' 

OMotariho Mt* PraonaHMloii, MHl • fidlmifai of tteaa, A4}*o- 
Mwit oo4 TvooonMt, ttaM. U0<(. 

BAULAMV (Harar) Conitttolii^ Hlotoiy of IngioB^, fron tko 

9i Umrjr tih# t» tiM Ik*lli «r tiui 

MdHim, $ Vttli. tlW. JbtUim, S Vok. ttt« 

Btadi&i’t EdiUoa of Uie abovo work. Editod bj 

Wk. $mrrm, D C L. Port Om. Tiu *t 

— - — Hfartor; of Kiiropo duriag tbo Middle Agn. tibrarg 

Mumcrn. a Tote. 0v«. SO*. JMMm, 8 ToU. PMtSvo. ttt. 

gtttdoDt'o Editfoo of the altoro work. Edited by 

Wll.talTii.D.O.t» roMOre. T.. M, 

• Idterary Hbtery of Boropo. dniiag the 18th, Idtk oad 

Util CtiitArttii. JUkmiy JKUHim, 9 VoU. ftro. Ms. 

4V0l«. 16#, 

(AkTHva) Literary BemaiJii; in Teno and Prooo. 

6iro. 6# 6rf. 

HAllILTOK'S (Gt». Sta F. W.) HUtory of the Grenadier Onarda. 
Twm OHtkuU l>ocniiiotit« in tho lUUs* Itecnrds, War 
Wlili lUastrnt^fm#. 6 V(4f. ftro. 63# 

HiJiNAirS (liffr. De.) XHtIiie and Human Elementi in Holy 
(Nrlplur». aror lOi, 64L 

BAHT'S ARMY LIST. (I^uhlithtd Quarttrlg and AnnuaOg.) 

HATS (Sta J. H. Daouiioai^) Woatera Barbaiy, ite Wild Tribe* 
nsMl auTnim Aaimmln. F<»< Evo* S#. 

HEAD'S (Sia Fiuacrii) Koyal EnginetsT* Illttjrtratlona 8vo. 123. 

— Llfeoffiir Jehn Ikrgoyne. Po»l 8to. 1#, 

Uapid Journajt aarow tba Pampaa, p4>«t Bro, 2i. 

Bobbiat from tbo Bntntieti of Noamu. lilootratlona. 


poAtoi^. n.oa. 

Emigrant. Fcap. 8ro. 2i, 6<L 

Btokor* and Pokero ; or, the London and Kortb Wootom 

lUiNrajr. Pntt 8 to. *#. 

fftia Enatmn) Bball and Will; or, Puturo Auxiliary 

VstIni. 8ni* 4# 

HHBBR'S (Bteaor) Joarttala in India. 2 Vol*. Feat $ro. 7t. 

■— Pootkal Worka. Portrait. Feap. Sra. S*. d</. 

■ - Hyauu adapted to tbo Cbnreb Berriee. Idmo. la. 9d. 

HHBOOOTUa, A Kew Vendon. Edited, with Kotea 

aad SMara, bUterteal, ethoamphteal, and ecnarapbinl. b, C*ikhi 
lUwxmoa, anatatad by Bia Hajiaf K*«us*om ukd l^ia J.Q. Wii.- 
awaan. TbM fiWHni. Maft and WeadMata. 4 Val*. a,*. 

HATBXRLET’S (Loa8) Contlnnity of Scripture, an Declared 

by Um TaatiBkony oi oar Lord and of Iba Afana.tuti and Apaatlai. 
JW*a AMUm. Or*, a., ybyatae Mdftkm, I'cat Or*, t*. W. 

HOLLWAT8(J.O.) Month ill Norway. Foap. Sro. Sa 
HOMBT BBS. By Bar. TsowAt JAiim Fcap. Sro. U 
ROOK’S (Dtaw) Cbnreb Dictionary. Tenth JMition. Sro. IS*. 

1 .1. ....... (TaaoBOMi) Life. ByJ. (}.IiooutABr. Feap. Sro. 1a > 



rvmjBmoi nr nn mnyuT. 


U 


worn (T. C) illtCHtTICTtlllS OF IRHlDABlOk ^ 

R)(|wrt««i ttMtah MMl Ai>aUtM«f«l N«liw. WMt ttiM flMtMnHriHk 
mM WMlMHk itk> tLtt, 

{A.J. BMaivoE») Wvrkhifk l« Mm Di«ntli «f 


FOREIGN HANDBOOKS. 

HAJTD-BOOK— TRlTlIrTALK. Isflkk, 

ItslIiBiiu Si. (UL 

— HOLL4KD,~fteiMim^MdUMltUMt»]Iigr«B<M. 

li^ mmA PtnoA. ftva. Si, 

NOETH OBMIANT,-Piir«A, Bssm, Has* 

orvm miMi flM lUitos fkw ltsf«a«« to •olloorlMii. Ilo]! mi4 
Foot thpo. €«. 

- SOUTH OEBMANT.-^Bswii. Asitris, 

fbOoborf, IkMi Aooirtoo «o4 Bo«mHiai Atfio, tlio T]ft^ Hoofiury.siMlllMi 
0«oobo» lAroni Ul» to tlio Blocli U%p. iWtttoo. ia«, 

KNAPSACK QC1D8 TO THE TYHOL t$, 

PAINTINO. 0«rei«ii,Pl«iiiyi.MidOH(eiiSdMdki 

lltttitfoUooii. 9 ToU. Foot Rvo, 94#. 

lives op early flemish painters. By 

CiK>w« a«4 CA^tiUHiMtUM. tllatUfttioM. PMt 9v«. lOt. M. 

— SWITZERLAND, Alp* 9t Sktroy, ud PMnwt. 

PwtVro. (to. 

FRANCE, NdmMady, Brittany, tEa Fmdi Aipa. 

tbo Uwoni Loifo, Soloo, Rliotko, oa4 Uatoiui^ tloofliliNkv hriiTiooi Mil 
UkO FfMOot. IISF^ 9 Fom. Foot ft¥ 0 . lU. 

ISLANDS OF THE MEDITERRANEAN->]CalU. 

Cor.ie«,a4r4int«. ^MtStcilr. MaiH. P<«ata*a. 

ALGERIA. Msp. Pool Sva 1^#. 

PARIS, and its ^viroas. Map* I4mo. Si* 6«L 

Mveaay'b FLoa or Paaiii« on tmavao. Sr $d, 

8PAIR, Madrid^ Tie CaoUloa, Tho BiMtta Proirlaiet% 

!.#»«, TtMAotarUo, Oolido, E«troi«Mi4um« Aikdoltioio, KmAtL Oraaoda, 

Mando, Votonei*, DotokmU, Ar«|tt«i^ Notaito, T^a HolOAno loloaljL 

a«.Ae. lio|Mi. 9VoU. Pontaro. 94#. 

PORTUGAL^ U$m9, PortOy CUitja, Maft»y Jns* 

llA{k Foot 6ro. if. 

NORTH ITALY, Pledmoni/ Liforia, 

ifombarij, Foma, llodooa^aiHl Rooioaiia. llap. Foatiro. 10#. 

CENTRAL ITALY, Locca, Tiiaowiy, PIorBaaa, Tha 

Moftliai, UmtiHo, atki ilia FatiimoAf of at Fotar^o. Maa. Kta* 

— ROME Aat> m EnriaoM. lf«p. PoatSva. lOa. 

SOUTH ITALY, Two Sieiliea, Naptaa, PaspalL 

UcraalaoimB, sad TMVTfiu. M*,. Pom a*«. t<lt. 

KNAP8ACR GUIDE TO ITALY. Idmo. 

PAINTINO. Tba Italian Seboola. UiuteatiaBa. 

tvala. Wa 

LIVES OF ITALIAN PAINTERS, pwx Cnuara 

toBMauiM. By Mn. Jahumw, Ponntlai. foMav*, It.. 

RUSSIA, St. Pmataona, Xaaaov, Poaainv and 

Ifntusa. Mm. PM to*. 

DENMARK. Map. Poai 8t». 6a 
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Bijri>-BOOK-^Wii0Sir. JI«{>. F«ii8v«. 9$. 

SOSWAT. ««. 

OBnCi^ 11 m Iwtoa Ithwalg, OmiliMilal Oiwmv 

AUnmmu ^ HUfmmmm, Ami ItMh ti tM M$mm Aite«k, 

TUBKIT nr ArnA^omi^mMotiM, llm 

]]NiHmMiStei, Utoms, Fl*ltt of tVsy . Cfoso* Bmjtmm, 

Ami Bmm ChW9»^ Cmm «f tlio Block tay A rn ico h s 
Bfsic^oliiCi^ MoIM. BMU«irO. tk«. 

lOTPT, hueikiliiif Dtmip^km of Um Cmmo of 

flic ISftc Ikrooili %l7p( BuMii, A icimdrlc^ C!clro« tmd TMm, the 
tee# Cc^ Ao IrnMlItc* fk* Bcidncul# of tlncly tkc Oaccc^ tk# 
Fjrooto, Jkk Mcf. Foettre* Its 

HOJLi LAHD— Stbi# P#i4tffTix% PoBlttttilt of 
ttwil, bomb, StHmi Deceit. Be. Mcp«. Fuwi tvo. 

— IKDIA — BoictcT ijfj> Max>ius. UMf. SYob. 

fMt tm. It*. MOh. 


ENQtiSH HANDBOOKS. 
HAKO-BOOK— MODKBK LONDON. Xtp. 16i&«. 8f. td. 
ESSEX. CAMBEIDOK, SUFFOLK, AND NOR- 
FOLK, CtMlnMfort. Oaiehinit*r, MatdOA, CMtbridc*, Sty, K«rou1c«t, 
Bmi', |(>i«lttli,Wooatrid|t«.F«Ux*u>v*, Lomutaft, M«nrlel>, YaraMttli, 
CroniM', *«. Hap PIm*. Po*t 8wn. IS*. 

CATHEDRALS of Oxford, Petorboroa^ Norvieli, 


Klir, UmI Uoaeln. Witb tO Illaatnition*. Ctovo tvo. 18*. 

KENT AND SUSSEX, Contorbofy, Dow, Bont- 

y#tc* tkceriuNiA, Hockcctcr, CKctkcxn, Woolciek, Briglitoii, CbielMcCcr, 
WmkiiHI. UcctfUKm. Lewes, Arttadel, Be* lisp. 8wo« 10c. 

SURBEY AND HANTS, KingBton, Orojdoii, Bel* 

f Mc, OallfUbrd, Dorktc#, Boxbtn, Wtoebcclcr, Ooutliciitpttm, Kew 
oYwsLPortcmcmthpStMl Isf*# or WsaxT* blcpc, Pectaro. lOc. 

BERKS, BUCKS, AND OXON, Wiadior, Eton, 

lUciliif, ArMMii7« Uibritfc, Wfoonbe, Ucol^, tbc City cot C»l- 
Ycrcity of Oxfbri, BlmhcitB* etui tbe Dno m t of tb# TbcMC. Hep. 
PodOvo. U,$d, 

WILTS, DORSET, AND SOMERSET, StOkbiiiy, 


CblpattibM. Wcfiaoiitb, ftbciWnc, Wells, Beth, Bili^ Tenateo, 
Ac. Hep. poet ftYo. 10«. 

DEVON AND CORNWALL, Exotor, Ittrieombo, 

X4al<i% ildiiMSitb, DswUsb, Teffoiaoiitli, PlynKmtli, Dewowpoft, Tor* 
oitftr. Ltomelco, Two, Pettmeaoe, Fslmootb, tbe lAuurd, Leoi's Xiul, 
Ac '"bfepe. Post tco Ikf 

— — -CATHEDRALS of WindMrter. Sdlobrny, Ezoter, 
Wtll,, CMMoiMr, »«Phort,r, Cwtwfciur^. WiUt ItO UlMtntttou. 
tVola. CrovntTO. M*. 

OLODCBSTER. HEREFORD, An WORCESTER, 


CtiWBCMOMr, ClMiMMa*, ttrsoA TtvkMbary, LwniiMtar, Saw. Mid- 
TwibKtUimiBoiw,lMtor,Bi«M|t«*«,£r««bMB. Xiq,. F«m 8 to. 


CATHEDRALS of Briilid, OlomaXer, Hmfi»d. 

tVflCOMMr.MMLWMtld. WtihaO UlMiroUaM. CmrotM. 10, 

NORTH WALl^ Bugor, Camumo, Bouaurb, 

ftMwO**, UulMta. McoUj.OMir Urta, Cmmjt.Ao. Ila,w Pm 

BOtJTH WALES, Xouaotttb, Uniaff, Mertkyr, 

Vul, «r HoiMi, PmbIwoIm. ConmrtiMB, Tkatf , SvawHo, ood Tk* Wjr*. 

*0. Mmf. Pwttvo. TO. 


BAirD-B00E~>CATHI0R4I^ Of BAKOOB. 8T. ASAPH. 

T-*r**T*i it. Oa«iil'«. WMi tUaUrtttMMk iW §>*. tta. 

^ ^ DIKBT, KOm, LBlCBSTtB, WAf WOBBp 

IfiOlsclL rim INnsIu IliftirlBli, l>siiw 

|>hI% ionUiwmll, UtirlMi, MsIum^ 

|t«w%irHf« WsiivfldiHwiptidNi^ Wiilii 4 l» Twnv^rtli* !!«#« 

JhmBn, 

8HBOPSHIB*, CR18HIBB «i> L4|ICA8tI1KS 

XiiidWsr. IIH4i«eflk Ch ti l s r ^ CW<B^4 t <ii rti n 

Sta«k|I^Bft^ 8MeiilM*4« WArrifMllA«^ ftwnr* 

Bummf, CUOktm, tmtm^ HmkM% 

iHBCHSlir. $0uibpan. lOi, 

YOKK8HIB8, thntmiwr, Hull, Mhr, 

ScMMiMifimilu WMitrf, |{«iT«fml«« iUfiMi. Wam^ 

U«Ulkx» HoidiiriM Miip mi4 IS*. 

CjlTU£I>^13 of Tork« Kip<M^ )>«iriuuxi^ Oiarliil#^ 

ClMAtHP, Mid UAtttbiMilifr. witli m lUtMtnstlatti. t VoU. i9«» 

DURHAM AND NORTHUMBERLAND, Now- 

OMtki* D«Hlii|rtiMi, GiUMitMsU. BisliAfi AHcliUadf ttiwektMi, fl«nlMMt. 
UniMlsirUnd. Siitvlds. BAntktki^ns'TiNNMl, ll«rpAli», CaIA 

stP«iBai» AIaw(«S. Ac. Msi^. PoBiilro. ftt. 

— WE8TIIORLAND a» CUMBERLAND— U». 

cAster* FvniM AWn^t. AmbtMidc. ICcodAl. W(iwl«im«rt. OMiiiMiA, 
KMvick. GfmMn«rR« UlstrfttAf, CAriiJtlACvelMraKma^ At»|Aikliy« 

If A|». Foiti iU, 

%• IftmisAT^t llAPi^r TUI t«AK« I>ijrrmirr. AH «Asim Ss.dA 

SCOTLAND, Bdlnbnrfh, MelroM, KaUo, G l mi ro w, 

IhwttfHc#. Aff* l^GrUiiir. Amm. TH« Ctyd*, OtMWi. InvAPAry, L(i«|| 
Ijotxumi, Lech KAtiin* Atid TpgamicAs, tAicd«iilBii CaiuI« IttPcfiMMM, 
liaiidM, AlicrdiMKi. &rB«rm#r» Sir*, CaIUiiim, liw, 

UtidfAe. Ms^Misiid riAiM. IWttvo. 

IRELAND, DuWin, Bolfwi, Donegml, Gmlw*jr, 

C<>rli, Uib«rl«k« WAlATfofd, KilUur^, Mamat, ll»pA. 

PoHt Sro. 12<. 

FAUILfAB QUOTATIONS. Pnm BufUiib 

Aotkon. TMr4 t Uitt m, Km,, iva. i«. 

HOBACB : a K«w KdiUon of Um Taxi. Edltad by Dii* Miuujr. 
WItik too WoodcvlH. Crsiryi §vo. 7#. fld. 

Life of. By Dxax Miuiai. lllaatiAttoBa. 8 to. 8* 

HOUGHTON’S (Loan) Monog npba. Ptnoiul aikI SoeiAL WUb 

PortrsllB. Crovtttito, IOa, 

HCHK’S fTba Siadanl'e) HUlory of llag^A&d, from tba IavA> 

aiMof JttUoaCMar t j Iha BaTaluUoo of l«m. UanM(e4 mt ma* 
ttaaa4«eliM. WaodaotA KwAllvo. 7«.M 
HUTCHINSON (Oxa.), oa tba moet axpodiUowi. oartAia. tad 

aaajr Matbod of Ooc-Bruklnc. fi/tA JUUttn. WiiA 40 IMaaltattoaa. 
Ciovnivo. 9 t. 

BUTTON'S (H.B.) PriadpiAOmoA; ta latrodoetioa to tboStaSy 

of OMefc. Cewpw b onaioK UruDOHr, UolaeMa, ood Ke i w ioe fc» e > , 
vitti VoMtnilartM. Sixrt JUOtam. ttOM. («. M- 

IBBT AND MANGLES’ Tnevala ia K0i>t. KaUa. Syria, aaA 

Umi Hlidy yiHiid Pmit #to* Is. 

JACOBSON FriimenUiiy lUoiiirttiofti of ibo Hblorj 

of tiMi of Cmamtm (pm IImhiinb»«o( Hovtm 

SuilksaiBcw Mtkd VTsiie^). iYO &i. 

JAMBS' (Kbt. Tbomao) FoblooW Muopo ANow Tr»ikft)itto«, vilA 
Hlaterlera BppfiM*. WItli 100 W«odc*i«o Bf TimiiHL md Wot#* 

Ss.U. 
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BOm AKD COLOmL UBBIST. A 8«ri« of W«ks 
■ti rt i t Ibr •& atnlw aai ibuM* af Wwiliw, luiftaf tam hMMI 
Ibf MMfcr M> >wil a< n4 Paatthnik 

F l iH i b i * «t •«. Mi at.M.M«iii, Mi HiMvai Miar t«» jimiartaa 

httiiMMIamt— 

CLAM A. 


HitTdflY, BIOaRAPHY, 

ta ifEOK or OlBEAtTAJta Br 

Smm pBCMEWiiMia i#a 

fa fUB AUBlE-WITCHa Bf 

jU49f Doty OoBMm. St* 

f, CROKWELt AXD BCJKYAK. 
Bf Ikwoor iooTOBT. t«. 

4. tfrE«ttnirEAKCI8 0EAEEa 
Bf JaKB BABioWa i*. 

E OAMBAIOltS AT WASHIXO* 
tOHa ByBiET.a.E.OtaBt«a 1*. 

4 THE rElXCB IE AU31ER8a 
By Laot Doty OonKm* ft. 

fa THE r ALt or THE JEfVITBa 

ifa 

ft. lilTONlAE TALES, tfa 

fa ur£ or COBDE. ByLoio MU- 
JMMi. Si. 44. 

tftaiALTS BE1OA0E. By Ext. 
O. EaQlaBlo. Si. 


AND HtETOHIC TALCS. 

II. THE SlEaES or VIEKEA." 

By Lobo Euawnum. fi. 

11 THE WAYSIDE CEOftS. By 

CAfT. lirtaOAB. il. 

11 SKETCHES oyOEEHAMLirEa 
By ftt» A. Ckwmt. Si.ftA 
U. THE BATTLE or WATERLOO. 

By Rmr. O. R. OiaBui. S«.ftl 
11 AUTOBIOORATHY or STEr. 
rEMS. Si. 

11 THE BRITISH FOETS. By 
Tikmab OAjmiBU.. Si. SI 

17. HISTORICAL ESSAYSa By 
Lobo MiaKor. Si. SA 

11 LITE or LORD CLIYE. Ry 
Rbt. Q. R. Ouuo. Si, SI 
II RORTH • WESTERR RAIL- 
WAY. ByBtBr.B.H«Ai>. Si. 

SO. LIFE OF MUKRO. By Eb?. 0. 
R Ouua. Sia SI 


CLABi B. 

VOYAGES. TRAVELS. AND ADVENTURES. 


la RIRLE IM SFAIN. ByOtoMS 
Bosi 4 >w. Si. si 

1 QYFSIES ay SFAIHa By Qwomm 
Bcmaw. Siafti. 

SA4. JOURRAIJIIKIKDIA. By 
Bitsot. Hisnu fVolA. 7i. 

1 TRAVELS niTmi HOLY LAND. 
By lifor And Maih^um. ft. 

1 MOROCCO AND THE MOORS. 

1^ JaDomoioooSUTa Sa 
fa LETTERS rROM tiis BALTIC. 
ByrnLAOV. tA 

1 MEW SOtTTH WALES* By Mia. 
MpasotTOa iA 

1 THE WEST INDIES. ByM.O. 
Loins. Sa 

H SKETCHES OF FEESIA. By 
Sm loom MAUtouft. SaSA 

11. MEMOIRS or FATfiER RIFA. 
Sa 

If R 13. TTFEE AND OMOO. By 
HioKAini MBx.yii.Uk f Tols. f*. 


11 LETTERS FROM MADRAS. By 

A LaOT. tl, 

11 HIGHLAND STORT8. By 
CoABUMi St. Si. SI 

17. PAMPAS JODRNETSa By Sim 
Fa B. Hsao. Si. 

11 GATHERINGS FROM SPAIN. 
By Riouitm Pomxk Si. SI 

11 THE RITER AMAEON. By 
W. R. Edwaom. Sa 

SO. MANNEES R C08TOMS OF 
INDIA. leiyRoyX.AotAtit. ti. 

tl. ADTENTCRKS IN MEXICO. 
By O. r. Rmnao. SaH 

«. FOETDOAL AND QALUCIA. 
By Lamm CAtOAmyom. Si. SI 

Sl BOSH UFE IN AUSTRALIA. 
By R«t. H. Wa BATOAOTOa fi. 

SI THE LIBYAN DESERT. By 
Batlb St. Jooiia Si. 

SI SIERRA LEONE. ByALAOT. 

SaSI 


11 MlMilONART UFl IN CAN- 
ADA. ByRoy.a.AMVTa li. 
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/Airnoira (Mat.) u«« 


tha mulf Italte MMm*- 


m4 tt» VMipMMi «f rktettw ta Ittfy Claw i l i «• 
JMMMt. Wt&WrWtMta. ti>. 


JXmflKaS' (L. J.) fifkiy Y«h» «f BtpvUkaa Q^tmvmmA i« 

llMiOalMniMMh VMMtvo. Ua.M. 

JXBVIS'8 (Bar. W. H.) OtlBoaa (Siarvli, Urtai Um (}«•• 

enfiftt ttf I5I«« to tiMl Will! «* 

i Vot«« Mb, 

jnSBB (Kawaaa) QUaiaiiftla Kttaial Bltloiy. Fitp.8v». 3«. M. 
/OHlta* (Bar. B. 0.) BUad P«opl« ; tlMir Woriui aa4 Wajr«. Witli 
tawiihw «t tb» Unmotmm* twxw mtrnA Urn. Wltfc tttwMnrilaM. 

I^HBt tNBttu Tb, itf . 

JOHirsONV (Dm. SmMimi.) Ulb, Bj JuMt BoivmtL iMimdlmt 
tmo Tw t» ttm tt» l i rl JI<W i . by Mm* C^mminl iSV«) 

FottrmMm 4 Voli^ #rm. (lb I V iyw o mi b i ii, 


Ufti mf ib# moil omlmifil Imfilili PtMUi^ vtili 

CHtiomt OiNwnrmilolui on iMr Worlui, MiltiNl Wuli MoIml Oiitnitlvi 
nni KxiOMMitMrf . hf l''i;rtA CtmuiimiAmi, • vilm tom. Mi, 44. 

JUKIUS’HAmmwmirmoPn^irMiioimltjrimT^^ By Mr.Ciimmov, 

EifMtrt Wltki IPfmiwti noi CollMril Kvkbnen, tlii Hnm, Eoir 4 Jll» 
TwinuETot, With FnoiimiJni. Wooinolm iML Itn. mtim 

KBITB (Btaaor) Ufe. Bj a LaTMaa. PortniL 3 V«ta. 8v«. Ida. 

BxpodUoa of Uto ApooUM* Onod. 1 «bio, 1a (kf. 

KBKK'S (Botaw) OBNTLEUAN*S HOUSR ; oa. Ho« to Pua 
B»«um kMioaiiom, raoa m P*Mo»««a to nia fAtAOA Third 
Mmtkm. WIta Vim ant rtaoa. tra. H*. 

■ — — — Saialt (Toantry Hoaae. A fMof Pnctlod XHaManw oa 

tlH> Piaaninff at a H a at da ma (ram tOoOt. lo tOOM. Wttk a«pato> 
a>«otaf 7 KirtlnalM M TOdot, f*<iM Ht». W. 

Aneioiit Ughu; a Book for Arehitoota, Bwnrojrotai 

Lavtora, aa4 LaaOkirOa. Ota. to. tA 

J R. MAMiota) Stodoat’i BiaolutoDo. A Sjataantlo 
oMat of tha aaUra CmiaoBtarlaA *4a p to 4 la tba ii r aii at atalo 
ariaoiM. Foatato. Tata. 

KllfO EDWARD Vlta'a LMia Onunaur. Skpmttmoh JSiititm, 

Uaaa. to.aa. 

- - - - - Flrat LoUb Book. Fifih Bdkkm. 

BINO ^OEORQ^ llfao'a C0RBB8P0NDBKGB WITH LORD 

MOKTU, 1700.01. ii4Ua«,«iai Molaa aa4 laonadoatlaa. hp W. Booami 
lloaaa. S *<to. 8 , 0 . Sto. 

KINO'S (R. J.) Skotohaa and Studioa ; Hkitorical aod Doaeilptire. 

Sf0* t$Ma 

KIRK’S (J. Foam) Hlatoi 7 of CbarlM tko Bold, D«ka of Btf^ 
mmmif , Portmll. I V«l«. Own. 4&f, 

KIRKBS’ Handbook of Phytiology. Editod br W. MoMumr 
BanAV.B.CA. Ktthlkuu. WiibMO lUoianutoBa. Pm»aai. tUU. 
KUOLBR'S Hawlbook of Paiiitiaf .—Tbo ItaUan Sokook Ftmiik 
MOMm. ttarUmiaodMamaOalUdfnmtbammtraaootMmimmtm B* 
Latir BMti.aaA With 140 IlloaOatloaa. S Vata Oraam 9$o. OOa. 

Handbook of PalaVtag.-~Tbo Oofaun, floaalak, and 

0«feem Mknoto, TMri JbfakMi, Mnwiati and to |»tt My 

Wlimm lUtMtvmitoMi, tTalm Omviitvmt Mi* 

LASnre {%. W.) Aemmi of tlm Mmuifs miid OMtooii of JfmdMnm 
Imttowi. IkmMMmm. yruii HtnutoOtomi. fTito ttoa 

LAWBSNOfd (Stm CfMi,) BemijitoMMM of Votiy^ilmo Ymum' 
Htgyfkm to iMito; toMmdiNr Cmottiriftoi to C«M tmmm «Mi iMltiiOi 
iiMl nrnmg tMa itolto* «n4 a Mmmilin of tlii Miitoiy to Mii)f«tomm 
eowmms4H,MX%M4l, doom tom, t0fai4 
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LkTASSn (JL m.) Vlamk md Ito Fwm ft Bdac • Kw 
u rti f •mmimm* mmI OtaMwirtM tmMii ttw Botet S AmnU. 

nit ^ ; Ik^TMNNttiii 

«r Hftl pifitHifgn; w tl» Umnrnm mi JMiii 

tl# Anitelft iiiriliBi MaA JUmmi. PIaIhi WcNiicMii* 9 T^liki 

^ n». 

*«* A tmruM Mmrww of tiM tbm work, Wttti lIliiftalloBfl* 

footifo« f$.$^ 

VUMwdi MKi Bftb]rl« ; Miif ibe Nuttliwe Dte* 

oetoHoi l» Uko ftoioii, wHH Tiwf^ ta AmmU, Kordtoion mi llio 
lioiifftf iitiiim o fl oo oai fiipoiltlQa to Aavyri*. WiUi Mm 
]ntumh ivo. itt, 

A P<iWLA» EmTioji of tbo abovo work* With initotrailom 
P o»ll>Fo. 7«, ii. 

LKATHBS* (Btavuit) Praetieil Hebitw OT»mm«r. Witb the 

Holifow Toil of OmmUlf^rL mi Pooloift L— H. OfmmotkaJ 
AmlrM< otti VoealMiUirf. Pootioo, 

LBSTKirS (Rst. H, J. Yah) Miiiiomiy TrtYdi in AiU Minor. 

With HhiotratAoiw of miHieol lllolorf mi Archioolofr. Witk M«f» 
miWooiottki* SVoU. P0H800. Sit. 

UB8L1V8 (a K*) HftAiIhook for Tonnf PAinters. With IDnstrv 

ttooi. Pool too. ft.Oi. 

Ufo md Works of Sir JoihQA Reynolds Portrsiu 

aoi IlltittJWtloiii. S VoU, 0FO. iSt. 

LETTRiiS Fbom »i BAtuc. Bj a Laot. Post 8 to. 2a 

MiniAiL By * Ladt. Post 8ro. 2i. 

StBEiA Lioiib. By s Ladt* PosiSro. Ss*6<f. 

LSTI*8 (Laoni) History of British Commorce ; and of the £eo* 

ttomle Pr oy rt s i of tho Kaiioo. from 1763 to ISfO. Sfo. lit. 

LEWIS'S (M* 0.) Journal of a Bosidonoe among the Kegroes in ths 

Wiitlailii. PoatOro. ti. 

LIDDELL'S (Dbai) Stodent's History of Borne, from the earliest 

Ttmii to Um attabHahamit of tbo Empiro. With Wooiooto. Post Sfo. 

T«. Si. 

LINDBAY13 (Loan) Liree of the Lindsays ; Memoir of the 
Bomm Of Cmwfhii aoi Baloarros. With ExtnoU Ihm Offidal Pmers 
aai Peraonal NanraUFOS. S Vola. 8?o. Sir. 

Btmsoan Inscriptions. Analysed, Translated, and 

iiotnmatitoi upMi. Sro. IV 

LLOYD’S (W. WiTiMB) Hwtory of Sicily to tho Atbenian W*r; 

with Elsoliatlottt of the SlolUan Odea of Hndar. With Map. Svo. lie. 

LISPINOS tinm LOW LATITUDES; or, the Journal of the Hon. 

bupuMeOutbiurtoB. EdlM b. Low Dennu, . With M PlatM. 4 to.>l.. 

LITTLE ABTH0B« HISTOBT OP ENGLAND. By Last 

CAttOOTT. Am mi a twlm ti i fe 1872. With Wood- 

entii* Peap. INro. U. Si. 

LlYlNGfiTONE'S (Da.) Pepnlar Aeconnt of Mlsdonary Trarels 

and Es aea rehss la Smth AXHea, JltuatratloM. Post Seo. e«. 

— Narrative of an Bapediiion to the Zamhead and 

Its TrUmtarisi, with tbs DIseersry of tbs Lakaa 8hirwa and Njaasa. 
Map aiad lUnatratloiia. 8ro. 91a 

* — Last Journals in Central Africa, from 18W to 

bis Death. Cootlttood hr a Marratlre of bis last momf nra and aitflkr- 
i***' J?P UOSACS WALLm. Maps and llluatimtlima* t Vote. 

Sea ISi. 

LITONIAK TALES. By the Anthor of ** Letters from the 
Baltle.’* Post am. Is. 

LOCH'S (H. B.) Personal Kamitm of Erenfo during Lord 
Blip's SsomdEmbsssy to Cbtu. dkeoai Jliiboii. WUb lltetrsttom. 
PestSm Si. 
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lOCKRABTS (]f. 0.) jMrim 8Ula4i. Blitaitetl a»4 

■wnwrt* T wri i t U , irtifc Mw. MiwJMIm. Wldi Fwn«ltM4 
OlCVBtM. •«. 

life HMk. F«h». 9n. I*. 

LOKSDALEV (&mor) LU». Wltb SilMtioM tnm U* ViiUafi^ 
Bf E. B. Dmmub. WItk Pwinlt. Ciwwat**. MbM, 
LOITDON'S (Mu.) for Udlu Wltk DImittoii* 

C t l wB l a f nf OftmOam for Stmt XMith. SIrUI JMMm. W<m 4> 
MtK* 94. IML 

LUCXSOW ! A LdutT’a Dtuy «t tlM Sfoga. 7«tp. 8 t«. 4«. 94. 
LTEUL'8 (Sis CassuH) Piiadpiw sf Owioi;;f i «r, tka Mod«m 

Vhumm «f tli« EAjrili mad ll» tc4M[l44««4 iw 

CNm)ii 9^. With ItltMttmltoM. i V«li. 1^. 

. ... .. — ^ ^ Hiodeni'i £l«iiieiila of Geolog^T S^ttmd JMiiimi, With 

Tftbl# of FooNib «imI OOO tOi»tfttli«oiu FO«l 0o«w •*« 

— Ooolofie&l Eridoiioit of ik# Autkquitf of Moo^ 

iiMTfuilifiie MU Outllfio «»f caoeUI |NMt<«TsitHftT7 (iMlofy, MHO HimhatIu 
on t0« Origin iitWffcim. lUimmtliMM. 9tm* 144. 

(K. M.) Geogrmpliicol Moodbook of ytreuiB With ToUo* 

4» iitioir tb^lr F#OI Ooo. T#. M 

LTTTELTON*3 EphomoniL ^Voli* PooiSto, 6<l« 
LTTT0N*3 (Lo&o) kleinoir of Jtttiftii FmiOt With Portimlt. Toot 

»F0. 6«. 

U<<;LINT0CK*8 (Si* L.) KomtiTo of tho Diiooroiy of tho 
FmOi of *tr Jobo fnuitiiji mmd iil# Cmtptmkmm im tib# itiotlo ioii. 
riM MtiUiom. Witb lUiMitTmttoiiii. foot Ovo. 7«. 
MACDOUOALL'S (Cou) Modoni WorfitroM Iftfloonoid bjrllodofm 

Artllioir. WltliFbM. IHmmOvo. Itir 

HACGEEOOR^S (J.) Uob Boy m tho Jordon^ NiH 8i*» Omi-^ 

iMioMrtib, 4»c. A C’mhoo Crufoo la INUmmIymi Mild Egyi^t mod Umi WmOiFM 
ol DMmMMeuM. Ckmf*r Aldfibw, Wtt* liM|» ood 7u 
Cr»«» Ofo. 7#, Oi 

MA(n*U£RSON’S (Muos) SerricM is India, vliUe PoUlksI 

Agwt at nvUtor darlan iba Maltaf. l)la«tr*tiMM. Bt*. IS*. 

MAKTZKBK'S ENGLISH OBAMUAB. A M«UM>diosi.Aasl 7 ties), 

Mtd Ill«tMic4l TrwtiMoa thr Ortbaaraphr, la SMUlmi * . mmt 

Syntax of tlM EaitlUh Tonfii*. TratulauiA tnm iba daman, By 
Ct.AiBJ.aaM.t, U..U. SVola. Sro. SAt. 

MAHON (Losp), •«« StAsaors. 

MAINER ^in H. Sraaas) Andeat Law: its OvaawUao witb tlui 

Eoliv IliMtorr of Socittj, aad !!• ItsdattMi lo Modofo I d — i« 

MdUim. «yo. If*. 

Yillftge Commti&iiiod in ibo £Mi nod WaMur Smmd 

Sdirniam, Bwm. 

Eariy UUtory of I&diitutlon* Bro, 12** 

MALCOLM’S (Su Joan) Skstobfoi of Fanis. Poatirfo Is. ML 
MAMSELS (Dbas) limiU of BdlfioM TliA««iit InaUasd. 

JVUBOMm. FMtftra. UM. 

Lettan. Leciuras. sad.Pai>an« IneladlM Iba ntrosUs- 

tarlM. or Oxford iatteXIXthCaataiT. BdUad by If . ST. CSAJiBura, 
X.A. 8x0. It*. 

. - - Onoat^ Heraaiaa of ibo Pint sad Soooad Caaiarlos. 
WHb a akoicit af bfo Ufo aad ohofaMar, By Utd C*MMA»t<m. 
Editad by Casas UosmUT. fora. 10*. M. 

MABTUAL OP BOlBNTlPtC BNQirUlT. Par lbs Oss of 

iSMaOMS. S«t*dbySwJI.P.IIsaMSun.foBaT.lullsia. PMtiu 
SsSi. (iWlMadfo«»dMtpSfoXsUoftt**MiafoalV.^ 
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VMhWOK AT fOKTAIKBBUUU AND ELBA. A Jmnml 

tH Ommmm wrf IMm *t Cww a n w il—t . Br Km Cmbwbll. 
OB. WttB» Mwwlr. By ter. A. K. C. Mwjwaiu*, Fottmlt- 
t**. Ut. 

VASlfTTR CABBENTEB. TIm Moon. CaaMimi m » 

namt, * WmM, Mi « teUiBtM. Wtih ItlwtraikiiM* tnm Dn«tof« 
iMi« With ttm *U af Pawartal T d wwP i w w, Wwaiotu^ Ao. 4k«m<i 
JRiVlittfNw 4 t<iL 90 i$» 


BAUflCAL AUtABAC (Tbb). (By AHlAwr^.) , St. U. 
WATT JJBT. (Mo»tUjr and Qaartarty.) Boat Sra. 

VBW mTAMBBT. Wtth Short ExylanaUMy Coaaentary. 

By AjiaitHuooiv Cmnmm, aM Amcmvmitooir Bam MJk. 

IflhUl tlO AittliOTtte Vl««ni, t Vol«, Crown thro f fj. Usmd. 


IfihUl tlO Afttbootte VIowN, t VolA, Crown thro f fj. fcw tni . 

KEWTH*8 (SUnimt) Finl Book of Natand Philoat^ky ; »a Intro* 

dttolioi} I* thi fltitdy of r>yoAinlm« ttydrooiAtlcn, OptUo, aimI 

wtth mmwrrmM iUAiii|>l^ SmAll Bro. St. 6d. 

KtemtniA of Me«bAnies» ioclodlng Hjdro«UiioB, 

wtth nwmtwon BMuapleM, BMm. BhibII 8fo. 0«. WL Cloth. 

...M. — ..■■ MAihemAtStii ExAtninAiiooi. A OrmdiiAiod 

Atri «4 of ElomOotAiy Exftmpltff In Arithmi^tto, Alitsbra, 1>fArithnt«f 
TrtfOiioiiioWT. Attd MoehAAle*. Third Mditiom. Bmotl Ayo« IU. 6dL eoch. 


rjrttoiioiiMHt7f 

BICHOLl^' (8n Oaoaaa) HUtoiy of tha EngUah, Iriak and 

t«»««h l*«or lowi. * Volt, 8 to. 

mCOLAB* (Sta HAtua) Hiatorie Peerago of Eagtand. Exhi* 

Ultng tb« OrtgtD, DmcmI, aoi Pramit fluto of tfarf Tltto of Fotr- 
AM whioh hA« Axlutod to thi* CcKiDtry aIdm the ConquAit, Bf 
WiUAAM CooiiTAcm. 9ro. 80*. 

KIMBOD, On tiio Chaeo— Turf— and Bond. Wtth Portrait and 

FlAtfti. Crown 8wo. 6«. Or with Colonrotf PUtwi, 7i. Ait 

lSrOBDHOFF*8 (C«a«.) CommuAUtic 8ocictle« of the Uhiied 

AtAtMi; Incloilliif DotnlM Acoonntn of th« Shokom, Th« Ainmu^ 
OAMdA, B«th«U, Aamnt, Icari^n niid ofhrr OBUtlng; with 

PArtleiiUr)i ol thoir HeUxiouii Cro«d«, Iiida»trio% una Prtoont CoodI' 
tinih. With 40 lUuBtmtloiia. Bro. !&«. 

OLD LONDON ; PApon nmd At ibo ArcluBologieal IniiitutOo 

By wATloita Aothon. 8 to. SS«. 

ORMATHWAlTirS (fjoao) Aatrononiy and Geology— Darwin and 

ProxfWM Aftd CIv’lliaAtlon. Crown Bto» fw. 

OWSirS (LtiaT.'OoL.) Prindplea ud Practioe of Modem Artiliery, 

ionMlnf ArllUwry IfAtoriAl^Coniirry. And OrtAniOAtloii A»d Une <4 
Arttllirr In Wwrfkn. Stmmd MtUm. With IlhittrAtioftA. Bro. lAt 
OXINEAlfD (BiTTa Wo) KiifUdi Notex for LaUb Ek^Aoi ; doiiin^ 
<Mf nnity Pi w A di i Ahi In iSm Art of LaUh ViuwlAcwthm, wHh BrnflUory 
miOm of CnwyoidtlcMi Ia KkflAe Mntrw. AWitiw. lima A#.M. 
PALORAVSB <1L Ua I.) Lo^l TAXAtioii of OroAi BritAiii And 
IrwUnA thm. 6a. 

— Nont on Baaaiko i» Qkxat Baitaib axb Ib»* 

tAim, Awnnnn, DnnwAAK, axd iUmono* with nom ItwrnArtui on 
thA Ammtnt of B(Ua in oliwtilAtlim. both InUod nod Forriicn. Awo. f 
F!ALL18SR*S (Maa.) BriUAQjr And iti ByowAjt, iu IiiliAbitMtA, 
And AnHonttlAa With lila^mtiona Pott Bvn. iSa 

Moliooi for MomuBeiitAi or EpItAphx ttltctcd tor 

Omvml Cm And Atndy. Wttb niaMiwlioiM. Crown Aro. TaAdL 
PABI8* (Dia) PbOonophj in Bport auidn Bdn&on hi K«nMfl; 
Oft Bm Ftml FrtaetplM of KMornl Pldlonopliy tnontentnd hif old of tbo 
nad iimrtn of Voiilh. Mid JMiihn. woodonln. Pont 8vo. f#. AA 
PABKMAN'S (FAAitQii) Diioomj ^ the Omi Woii ; or, Thn 

▼nlhyi of tbo MlMiMl|i|d tnd tbo liOkot of North Amorkn. An 
BtohofM NnitAtivo* IxAp. Boa lOaid. 


nmUSBU) BY MB. MmuUY 


u 


TABKT1S9 (MMnnm»> IlifM Tam* fi«rt4«Ma la Alijnriaia: 
artlk Tmfida ta that Cawtrir. fci—rf MUtmt aMi IMaWaaiai. I^m* 
»va. t*.U. 

PEEK PBiZE ESSAYS. Tba Malatcaaaaa of tba CkmA af 
Xaifiwa M M BlitoMMMd CInmh. Bjr Ear. C««ku» U«WJ»~4lav. 
E. W*«^ Uivoa -aad R«v. JtrutM I.u>y». m. 

nXLfS (StE Bobbei') Mamolm S Tola Paatftra. l&r. 
PEBTITB (BnaABs) Maxlaui aaS HlaEi fbr aa Ae|^ aad CEaaa. 

WModeai*. Fomjb. 1b. 

VKBJOTB (Jon, U.V.) ToL I., Ftrl I* Fuot, 

W4»td, Ftmt, C<hU« CtiBrMMiL liMfinKrtorf jnr»*CI*jr^ 

iB«, Willi lllMiitf»ii4»iMu Otb* 

VoL !,♦ Vwi 2. Coppor, Zinc, Bnm» Shctmd Xdiitm. 

with (M iiMt iVm$ ) 

II. ir<^|| imi4 SiadL New JMUion^ Wlih IU«»- 

tnUiMw* tvoa (/W 

VoU IlL Lend, Inelading De«UwiiaiUoti nnd CapoU 

UHmi. WHh flY4». jiOB. 

Vol», IV, and V. €k>ld, SlWcr, and Iforcnry, Plaiititiin, 

Tin, Cohait, An<iist*H»7, UUiauih, AriHmla. and athar MataUr 

With lUttirrrmtitHi#. ^yo. (/a 

PERSIA'S (Shah or) Diary dnring hU Tour ibrou]^ Ktiropo In 
Wd. TrmiiBUtMl from th* OHaniB). Bf J. W* MaoootrBf. With 
PartraU mod Ci»l<»ttrBd TiiW. Vtown ht*. 11 a. 


PHILLIPS* (JoBM) Mtmoira of WUUam SmiUi« 8 to* 7a6i1 

Ooology of Yorkahlfo, Tbo Coaat* Md IdnoolOM 

Diatrlftl. rtitai. 419 * 

Urara, Ifoaataiaa, aad 8«a Coaat «f TarkaUn. 

With K«Mir« on Ilia Ciiinatev Bmmrf, and Amdoai lahal hdl a af 
S §um d Mdittm, PlaUM, Sro. lOn, 

(SiMoat) Literary EMaya tnm " The Tloiea." With 

Portrait, t VoU. Pcap. Bro, 7 b. 

PICK^ (Da.) Popular Riymologieal Dictionary of ibo Froaoli 

LsuMpiafa. Oro. 70, fid, 

POPE’S (ALBXABPn) B’orka. With Introdueiioiui aad Notea, 
br Ear. Wairwmix Etwm. Vote. J, H.. VU VII., VIU. WItk fVr. 
trallB. two, 10«, 04. Mieh. 

P0RTKR*S (Ret. J, L.) Damaaena, Palmyra, and UHanon, VTlih 

Ttmvidf Emoaif th« QUnl CtthMof Bmuhmn aod tho iloanuu 
Mjip ana WoomtB. Pool two, f#. 04. 

PRATRB^BOOK (liatofraATan), with Bord«f% InttlalA# V}f< 

nottoo. dw, Kditod, viUi Botoo, hf Hew. Taoo. JAmwm^ WMem 
two. IOb. cMI ; Otj, Od, mi/: OOb. looreocKr. 

PEINCBSS CHARLOTTE OP WALES. A Briof Momotr. 

With SotoetioriB from h#r CorroBiKmdwfMMi oihS oth^f impahtiBiMd 
Poptn. By Laot Hcj** Wbioai,i.. With Pmrolt, two. h«. 04. 


PUSS IN BOOTS. With 13 lUaatnttoaa. By Ono Snoana. 

tOoM. iB. 04. Or oohmrodt tB. 04L 

PBINCIPLES AT STAKE. Sanya ob Chiinh QiMatioaa «f tba 


Day. Bra. It«. CoatanU 

T^BgocojErta—Plihop at Bath oad 

Tho PftethooA^-Dwui of Canhvfharr* 
Nortnait SdoiEilhw^ — Bow. Alooacidof 
itOnuit 

O ^ irj ^ ^jW^tho Boohoflftr-<4toOa O. 


i Oat|4iiniaa4BUiiat-^onoal^^ 
Chofoo la Bmtk Alitea *-«* Anhar 
MillOe 

lohiaaMtUMil Tuadontp of llltnaRiiMi« 
Bow, i>r. io la ioa. 

B^wlBiom of Bw 

Maaiphry. 

PaitloE oaO Polity tfiflA^lNoa ol 
C h a it Ef, 




utr ow w<»x* 


mVT OOUJIOIL JimOMIVTS in Beei«iMtkal Cw» »• 
totiaf (• SiMtriM «mI tMwMiM. wun ttiaturtMl iMnAaoliM, 
WG.C.Baa««CKu4 W. H, rMx««TU. •*». IQr. M. 

aVAB9»U«T BITUW (Tai^ <#. 

BAMBUBI bi th* ifibui Dtaerta, Pott Sro. lOt. 

BikKUPB (LdM>rou») BMorx of Uto Popto of Bono doriaf tin 

liHl tTUk CMttuto. Ttiijitofi 1mm tlM 0«nMui bf Aajuji 

.BASSAMli (Homoxo) KamttTo of tbo Britith Jliadoo to Ahp^ 
Wltli K«fiMi of IlM Cotmtrtoo Tr«oon«4 itmm Ummtmtik to 
MofdoU. lUiuitrotlOMi. f Tol*. tvo. l«i. 

EAWUHSON'S iCAMom) Hen>4<HiiA A K«v BogUfth V«r* 

iiOA* StflloA WHU VolOf 004 CoBOJi. TkirA MiHim, UAfA 004 
Wooiont. 4 Volo. 

Mfi Ortmt MonareliiM of Cboldno, Amjrim, 

Mo4lo, Bob^lootot tUMi KonU. nird JUUiim. With Mopt ond iltoii. 
trotllMHI. f Vflio ihro. 4ta. 

^ (gio Hiiiat) Eogloiid and RtSMtim in the East; a 

iorlo# of rtpom on Um FoUtlcal nod Oooii;nipUU»il Cooditioo of CttiU&l 
Ajrfo, Mop 6v^o. 

SEED'S (Bo Jj SUpboildifig in Iron and Steel ; a PrtcUcal 

TroatlM, luring foil dotolU of Cooainietlfm, Froeomoo of If oouloctiipo^ 
and nttHdtog Arrmogoaooiito, With A Flono ood aso Woodeato. Ovo. 900. 

* Iron -Clad Shipa; their QoaltUea, Performaneea, and 

Coot With Cbaptoro cm Tumt ihlptt» Iroo-CUd lUaii^ Ac. WilA 
Itluotrotlooii. Ova 19#. 

SBJVOTBD ADDRESSES (Tn). Br Jdina aim Hobaoi Svrrn. 

iffv AitCioo. WoodeuU. Foot 8vo, 3s. Cd,; or ikffsUar Sditktm, Feop. 

Ihro. I*. 

BENN1£« (D. F.) Britiah Amt Sn Pekinir. 18«0. Poot 8to. 12t. 

— IfuToUro of the Briiith Enboaajr In Chino. lUoa- 

trsUoot. SVoa*. Poettvo. M*. 

— Stoiy of Bhoton and the Dooar War. Map and 

W ttndmt Foot INro, la#. 

RESIDEKCE IN BULGARIA ; or, Kotea on the Reeonroea and 

Admlnlalrfttloft of Turkey, Ac, By S. O. B. ST.CuAia atid Citaauui A. 
BaopHY. 8 yo. It*. 

BETNOLDS* (Sta Joaiita) Life and Timen Bj a K hmsJM, 

MA. aad Tom Tavuim, Fortrmito. 9 VoIb. Oyo. 

RIOABDOB (Dann) PoUtieia Worka. With a Kotleo of hla 
XJIhaad Wrftlaaa. By <>. R. M'Cei.i.oca. A'tw Mditim. S««. 10*. 
BiPAB (Palm) lldrtoon Toara' Boaidenoo at the Conrt of PAing. 

FMtAeck It. 

KOBBBTSOB’8 (Canon) Hiatoiy of the ChriaUan (Thoreh, ft«n 
the Apoalalle Aft to the Bo^onaatlon. 1517- IM/tmrjf Atfaficm. 4 Tola. 
Owo. CmUma ftHKia. 6 Volt. FcatSwo. Oi.aach. 

— - — * How akal! we Conform to the Liiorgj. 12ino. Sa. 

BOHSo Sm Linnsua and 8iix»e 

BOWLAKDB (Datzb) Maimal 9t the BngUah Conatitnlion. 

In Riaiy Qrevth, and Fiaaeat Stale. Foat 8 to. lOt-OA 

Laws cf Nature the Foundation of Morala. PoatSra. Sa 

HOBSONS at Be) SCHOOL ARCHITECTURE. Being Prao- 

tieal ItiAsiarlta oa th« Flanntna. l>oalgati»e. Botldtof . and Fanilalilaf 
«f aehoohhoitiiia. Wfth 800 lllaatratioea of SchooMmiUUaga In 
Farti tha World, dravn to acala. Modlam Sto. 8U Odl 

BUHDSLL'S (Mna.) Modern Domeetie Cookery. Feap. Sro. Sd. 





BUJCTOHV (0»ww f .) fVkwb la t vMh AiMalmi 

■■■t WIU T i ftw — 4 t ilw i a rf ttaflwrtmai Wt^ I tw 

«tbM. fMIt**. U.U. 

BOBINflOITB (Bar. Dm.) BiUlom) B m umrek n la M >4 Ma« aai tiM 
H firnr* *•* Tiu>4 w m m. mm- >V«lt. •««. Mi. 

F&nleml OMgrmtkhj rf Um Hmhr limad. Paal taa. 

KNumi. 

— fWa.) Alpima Flovem for Qmrdmam Afm 

M j i iti m . WII^ 70 UluBirtltoiMB Cpi»«pii Sir«. jAW^y 

Wild OMden ; or, o«f Orotm mi 8iiii>)>btri«i 

mmi^ WatllM bf Um NBtttTBllBBliMi Pt lilkiilf FImHo Wttli 

SimU tiro, At. 

-- — Bttb*Tmpkftl Oiurdtm j or, BoMitj of Pom tai tho 

rt<»w«f OBfOim. WlOi lUofitrAtiainB. imU !(?«. 

SALE'S (Soi Eomuy) Brindo in AffghoiiMuBL Wllk w AomttI of 

Um DiOMm Pt Bf Etv. 0* E. Oumi« INmh iro* ti. 

SCHLiEICAXN'S (Pa. llcirRT) Trojood lu Bomalito* A Nwra* 

tlir« of RMMBTelMiO 3144 tu%i« 44 thm Otto «m 4 la 

lh« Tnvjjia hf Pwitir l^ntm, H.A- Wiib llii|0« FIbimi. 

V WwB, mid 50 > lllviMrAiloot of fibjHJlB of Aofl«|iittr. Aa. I|«4iiifii Ota* 

SCOTT'S (SiE 0. G.) Soeobr sod l>otto»Uo ArokliooittfOi PiommiI 

amI Futani. Ovo. 0«. 

(Dxao) Univertitj Soimoniu Foai Sro. Sa 6d 
SHADOWS OP A SICK ROOM. ,^*nymd JSMim. Wlifc a Pro- 

hfp hf Cimon Liddom. Hiito* aV 

SCR0P£*B (0. P.) Goolofj Aod BiUnoi Toleoiiooi of C«itrit 

ITrmam, lIUuitfmtIoM, Madittia Otci. m, 

SHAW'S (T. B.) llanoal of Liiemloro. Poot Sro, 7i. $iL 

Speeimeiui of EoflUb Liioratiiro. Seloetod firoiB Ibo 

Cbl«f Wrilm. Fa«l fiNro. U. Od. 

(RoiKET) Vblt to High TarUry, Tarkaiid, ood KiMthgar 

i farmerlir CbiiMMi«T«rUrr). *44 lUtum JiNjriMijr atat Urn IC*PAliArM 
Wttii U*|i and iUuvUmtiou*. bV4. Ida, 

SHIRLEY'S (EriiiTo P.) I^looroiid Doer Parko; or aokio Aoeooai 

of £«fU»h PArba, witli Nolaa m tb* MMMfiiiiiaol «i IMT. lUoo- 
traUfma. dc*. tU. 

SIERRA LEONE ; DencHbed io Leitofi to FrUiida ai Homeu 

A PfMit Ora, a« e*/ 

SINCLAIR'S (Am^ttiiEdcxjK) OM Timed and Diatonl Piaoea. A 

e«rle«4f Oke'clMMu Cfow«ATo* 

SEILEW (SANiraL) Liree of Briilah Eoginoeri ; from Uio Earlioot 
Pariod IP tiM daeth pf th«« WUh Porifmlia and liltiBlra- 

Uofia. Ombimi 5 Vola. Crr^urn Ovdw 7a A/* meh* 

Llrea of Goorge and Robert Siephenoon. Library Edition^ 

WUh Portrait* a«4 UlttatralliMia. Madlam tU. 

Lire# of Boulton and Watt, Library Edkiarn* WlUl 

Portraiia and IlIttitfuUoiiB. M«dfam Or*, 

SelLHelp* W'itli Itloniraliona of Coodoei and Poftorof- 

aiME Foal Oto* Oa. Or in Pr«nei«, 0#. 

Charaeier, A Com^iiion Votomo to " Siaf-Httr.** 

Fwd Oto. Of. 

Indodirlal Biognuihr : Iron-Worker* and TooLMafcm. 

Fait Om. Oa. 

Boy'a Voyage round |tie World; including a Be a tde t i o o 

In VietMfia, and a hf KaU ame* Kactii Amarko* Wllk 

lUnatrati^mi. Foat 
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SMITHS (Ob* Wii4 OieikmiF of IliB Hi jLMltqsmrn, 

aB«fr»Blv 3 r« ««4 Kstmt Hlilarf, B Vol«. 

ChriBilBiiiiniiqnlUBi; Clomprk^ 

IlM IttttittttliCNM, md of tli»o Clilibtiofi Ciioreh. 

VoU. Uto, VoU I* (^W(jr 

' — * BiognphjimilDoctriMi; 

CmtlMTiiimoli]MA}M«ai»<otliOj|^or Sto. 

CcmeUa BlbU Diciioafttr. With 800 UlitilimUo&i. 

lloAltins Byo. ft«, 

- Smailar Blhl« DietlonAiy. Witk lUonimtiBa** P<Mii 

«k0, 7#.Af. 

— •" AiIm of Ancient OeogrBpbjr--BlblieBl and (HBiiical. 

(5 ItWtiM.) Folto. fl#. OAOil, 

■ Qnek »ui Romui AoUqoitiaik With 600 Ilinitntlon*. 

Moeinm Bvo. tS«. 

BlofrrBphy and Mythology. WmIi 

eOO B Volt. Meainnt gro. 4/. U, 

* ' Oeograplij. 2 ToU. With 600 

Medium Bwo. SB#. 

(JliMiieal Dictionary of Mytboiogy, Biography^ atid 

Otogrti^br. t Vot. With T60 Woogenu. Biro. l!*t. 

- Smaller Ctamical Dictionary. With 200 WoodcuU. 

Crowa Hw<k 7s, M. 

— Greek and Roman Antiqnitiea. With 200 Wood* 

eatt. Cmwn «vo« 7s. M. 

Latin- Englbh Dictionary. With Tablet of the Roman 

Caleii4tr, MutMurMh, iu)4 Mmitj* Htdlntn Bro. Bit. 

Smaller Latin* Rnglith Dictionary. 12mo. 7e. 6</. 

£nglUh*Latin DicUonary. Medium Sro. 21a 

- Smaller RngUth* Latin iMciionaiy. 12]xio. 7 a 6<t 

— School Manual of EnglUh Grammar, with Copiout 

RtMiiNMi, F0»t BTt>. a«. 

rrimary EnglUh Grammar. 16ino. 

HUtory of Britain. 12mo. 2^. CtL 

French PrinctpiA Part I. A Grammar, Delecina, Excr* 

eAtat, tn4 V«>c«bultrl««v ttmo. M. 

Princigia Latina — Part 1. A Grammar, Delectna, and 

KxMeiiii Book.«Ith Vootbnttrltt. With Uui Aocmatca tiranged for 
tiM ** FttbliQ Sobool Friaur.'* IBmo. 8t. OaT. 


Part 11. A Readinrbook of Myiho* 

legy^Oeeirfaphf, Roman AnUanlUea* and llitlory. With Rotm and 
Inctlooarr. limo. Bt.Od. 

Part HI. A Latin Poetry Book. 

Hatamatarf and Faatametara; Eclog. Orldiaiiti; Latin Froaodr. 
Itea. at.Od. 


Phrt IV. Latin Pmae CompoaiUon. 

Rtkiaa of Byntaa, with Examptoa. ExphumUona of iraonjrma, and 
Exoroltaa on the ByntajL ItsMh. la. Od. 

— Short Talea and Aneedoiea 

fer Traoalatlon Into Lattn. itmo. Ba. 

Latin-Engiiah Tooabnlivy and Fiitl LatIn-VngUah Die* 
tlanarplhrFhmdrtia.OoriianmRa]m^aadCt^ IBmo. aaOd. 
StttdenVa Latin Grammar. Poat Urn. da. ^ 

Smaller Latin Oranunar. ISmo. Sa 6<iL 
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SKlTll'd (Da. Wii.)TMiUMV 0«nijkaia. Aftleofai. Iml WUli 
imm*. itM*. at. M, 

laitia OtiMNi, Part 1. A OnuBmar, aad 

Wltk U.0iL 

Iftltla Orm% INun IL A BMudinf OoAlldAlitf 

9k0n Talti» mad UmsiiM llt«l»ftf 

Sb- 

lidiia Qmctt, Piri IlL Orotk Pt&m OcH»|»Q«tUoti. Con* 

Uttttltti tl«« JMU4* «r A|«t4a^ vitli SwciM* 

ttoMi* i*. dtL 

Slitd^Qif# Qmk OrtmouMT. By Piu^ruKift CoaTiri* 

Cit 

BmftSW Omk Onuoiw. 12iiio. S#. Oif. 

Gmk Aocideim. Bxtrtcud fnim ike ebeve werk« 

t*. 

}*tatOw Tfca Apotogj of Sooralot, tho Crllo, and Port of 

i>i« «Uti H«mi la EuirU«l» it^m if^uUibmnm mid lleltt«Wma* 

ckMAt'ii latrodoBllMia. ttma. e«^edf. 

Snudter Scripture HUtoiy. Woudcute* Idme* 

Ancient HUtofy. WcM>dcuU. I6in*t. Sii*6d, 

Oeoerrspby, Woodeuliu Idinow 3e. d*L 

Bonit, WoodcuiR. 16mu. S«. ML 

— Qreeeeo \Vo<Kleul«. Idmo* S«. (W. 

CleaeicAl Mythology. With TrtOihiUoiui from 

fliapfMifa. WocMktiu. Itee, 

— Hietofy el fingleiid. WoodcnU. Idmo. 

&igil*h Litermiure* 16mo. tV M, 

- Spedmene of BogUeh Litermtore, Hmo. M del.. 

(Paiur) Hleiory of the Andent Worlds from the 

CroAtlott to Um Foil of tii« nomeii Kmprirt, A..O. 4.%5 Mdktm, 

3 Vola. five. tU. Od. 

(Hit. a. C.) Kilo and tU Banka, ffoodoula ] Vata. 

Fo«t Ove, I«f. 

SIMMONS* (Caff.) ConoUioOmi md ProcOoe of CoorU-Mer- 

tie}; wttli • OeeiiMfT of Um laev of Kv i Oeeet, end eofiie 
of tlk« CHetieel Lew of KneletMl wiCb refttfeiiee to tlie Tiiel of CtvH 
oe*i»o«Mi. mmfkMditim. Ore. ISi. 

STANLEY'S (Daaa) Sinai and Palaatine, in connaxion with tbair 
Hloforf. Tkmmmnd* M*p* Brol lis. 

Bible in the Holy Land ; Extraeted from the above 

WoriL Aemd I TMH m WMdaato. t oap. a*o. t« CU. 

- llialory of tbe Eaatem Church. Ftmrtk Edition. 

JPIao*. aro. lU. 

Jewiab Church. Fi/tA Edition. 

»ro, aa«. 

- Church of Scotland. 8vo, 7a $d, 

.... — Homorinls of Oanterhury Oatfaedral. Fi/lh JSdition, 

WoMkuta root tva T«. W. 

Woatminatez Abb^. Third Sdititm. 

With mintfiUoM, Owe fie* 

- — — Smuenedniinf nTovr inthe Bait. Sro. »t. 

Ml Bvaacalioal and A p ea teli e a l Teaehinc. 

Foot Ore* 7e. M 

- Annaanna aa» Oaaaaia or tn m« Bianor Stavtnv. 

Wfta Manotr. »r% m.tt. 
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STtTDKVrB OLD TKTAMBST HI8TOBT ; tnm a« Orartltm 

Ml Mm B«Cmm tC <Im J«ir» Ims CiM^TUf. Map* uai Waa^aata. Faat 

T18TAMEKT H18TOBT. WltA m latw- 

Attllaa a n a a ae tta K th* Utotorr of tha OUt aad Ka* Taalaaiaala. Mjna 
*■4 WaaO aai a. Awt Aro. f«. 4U. 

AKCIEKT HISTORT OF THE EAST ; Egypt, 

Aaaflla. MaMplonla, Madia, Parala. Aala Mlnar, aad riKieolaia. Ily 
Patur fxrra. Waadcoia Poat A**. 7a. M. 

OBOOBAPHY. By R*t, W. L, 

Waodaut*. Pool Ava. 7a, ftd. 

HI8TOEY OF OBEECB ; few iU Etritei 

TIoMNi to Uto Homoii ComitMoi. By Wn, Snira, DXcL. Woodcato* 
Crotm BrOa Te. ML 

Qt»Ofttoo« on tbo tihoirn Worlr. Stoo* ftf« 

HISTOKY OF BOMK; from the Euilo^ lltmea 

to tiio Cotobtiiliinoiit of Uto Emptro. By l>fjur LmuBU.. WooAeolo. 
Crows thrOa 1», M. 

a— GIBBON'S Doeliiis snd Fsll of ihs Bomsn Empiroa 

WooMstOa Post fHrn. f i. M. 
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